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Surgeons endure a significant amount of mental stress while operating in complex 
and intense surgical environments.  In the United States, most operating rooms are 
windowless spaces that rely on artificial lighting and mechanical ventilation.  Surgeons 
spend much of their day in these surgical environments with little access to exterior views 
or daylight.  There is a growing body of occupational health research that supports the 
therapeutic benefits of views and daylight in various non-surgical work environments.  It 
is reasonable to consider that windows in operating rooms may mitigate surgeon mental 
stress and consequently improve surgeon occupational health. 
This study used a quasi-experimental strategy with an equivalent time samples 
study design to understand how window access may influence surgeon mental stress in a 
real operating room setting.  Measures of surgeon mental stress from pairs of observed 
surgical procedures were compared with and without the window treatment.  Surgeon 
mental stress was assessed with a combination of physiological and subjective measures 
to include momentary stress questionnaires, high-frequency component of heart rate 
intervals, salivary cortisol, and general stress surveys.  Observational measures of 
surgeon task lighting levels and surgeon gaze direction were considered in the analysis.  
The study outcomes provide a better understanding of how window access may influence 
surgeon mental stress in the operating room.  Furthermore, this study showed how 
clinical research methods might be adapted to investigate features of the built 
environment.   
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There is no debate that the quality of the built environment has an impact on 
occupational health.  This chapter will discuss the background of how the healthcare 
work environment has influenced the occupational stress of medical professions, 
specifically that of surgeons.  The nature of surgeon stress is described along with the 
influences of a window intervention in the operating room environment.  The value of 
this environmental intervention will be assessed across multiple indicators of surgeons’ 
mental stress. 
1.1. Background for the Study 
Healthcare workers, physicians, and nurses experience tremendous work-related 
stress linked with poor health and job dissatisfaction.  Some claim that ‘deep-plan’ 
hospital environments are partially to blame.  The ‘deep-plan’ hospital, as a modern 
building typology, has separated staff and their access to daylight and views to the 
exterior.  In the United States, healthcare design guidelines provide minimum 
requirements for window access in healthcare patient areas; however, no minimum 
window access requirements in clinical staff areas are provided (Anderson, 2016). 
Many professions within a hospital warrant an enormous amount of personal 
responsibility for the care given to patients. With these responsibilities, occupational 
stress is a major hazard to healthcare staff health and job satisfaction (Shanafelt et al., 




stress, the work environment is a significant contributor (Loftness, Hartkopf & Poh, 
2006; Trau, Keenan & Goforth, 2016). 
The general health, stress, and job satisfaction of healthcare workers are receiving 
attention within healthcare systems.  Working conditions have been discussed as a 
contributing factor to escalating occupational pressures (Alimoglu & Donmez, 2005; 
Newsham et al., 2009).  The health impacts of daily work in a windowless environment 
have been shown to be detrimental to the workforce and can no longer be overlooked 
(Pradinuk, 2008). 
The disconnection of hospital staff from nature has been considered unsustainable 
by Verderber and Pradinuk (2010; 2009a).  The effort to increase the amount of daylight 
is rooted in theories of human physical and psychological health, which connects health 
to access to nature and daylight (Boubekri, 2008).  These theories of health and wellbeing 
are restorative theory-based (Kaplan, 1995; Ulrich, 1984; Verderber, 1986; Verderber & 
Reuman, 1987).  Several claim that it is unjustifiable to continue to create work 
environments without connection to nature and daylight since they have been linked to 
job dissatisfaction and stress (Tennessen & Cimprich, 1995; Leather, Pyrgas & Beale, 
1998; Loftness, Hartkopf & Poh, 2006; Sop Shin, 2007).  Hence, a growing body of 
knowledge supports human health and performance benefits when work environments are 
connected to nature (An, Colarelli, O’Brien & Boyajian, 2016). 
There is a theoretical basis for understanding the effects that daylighting has on 
occupational health and well-being (Preiser, 1983; Vischer, 2008; Kaplan, 1993).  A 




nature on patients in areas of pain management, circadian rhythms and sleep quality, and 
its effects on depression and treatment of overall mood (Ulrich et al., 2008).  
Consequently, these findings are receiving attention, and windows are being included in 
healthcare patient care settings.  However, these findings have had little application in the 
design of hospital diagnostic and treatment areas (Pradinuk, 2009a). 
The medical professions are known for their sophisticated skillsets, significant job 
responsibilities, and high workload.  There are many regulations, metrics, and reporting 
mechanisms to assure the quality of healthcare; however, these requirements seem to 
further weigh on the responsibilities of healthcare providers. Shortages of skilled labor 
put more demands on less staff, which in turn has driven the healthcare system to 
prioritize efficiency of patient throughput. 
The occupational stress of medical professionals is well-documented.  Physicians 
are among the most stressed professionals due to their direct patient care roles.  Several 
researchers use stress as an indication of short and long-term health factors (Largo-
Wight, Chen, Dodd & Weiler, 2011; Pati, Harvey & Barach, 2008; Dianet, Sedghi, 
Bagherzade, Jafarabadi & Stedmon, 2013).  According to Mata et al. (2015), 28.8% of 
resident physicians showed signs and symptoms of depression, as part of a systematic 
literature review of 54 studies with a combined sample size of 17,560.  Residents showed 
increases in stress and rates of depression as they progressed through their residency, as 
well as an overall trend in the findings of increased rates of depression over time. 
In a study by Gold, Sen & Schwenk (2013), physician suicide was investigated 




(NVDRS) which is a repository of all deaths, including suicides, for all walks of life in 
the United States.  Physician suicide victims were assessed to be different from other 
occupations in a few aspects.  The likelihood of toxicology reports of prescribed 
antidepressants was significantly lower for physicians than other professions, despite a 
higher incidence of known mental illness exhibited by physicians (Gold, Sen & Schwenk, 
2013).  Physicians were more likely to have an employment problem contribute to their 
suicide, in contrast to individuals in other occupations that more often reported other life 
event crises as primary contributing factors (Gold, Sen & Schwenk, 2013). 
According to Campbell, Sonnad, Eckhauser & Greenfield (2001), the rate of 
surgeons reporting ‘burnout’ is significantly higher for younger surgeons than for senior 
surgeons.  Societal changes might be a factor in the differences found between the 
different age groups of surgeons.  Survey questions related to work/life balance and 
workload pressures are strongly associated with reported levels of emotional exhaustion 
(EE).  One of the central findings of the study was that as the surgical profession evolves, 
rising surgeon cohorts are reporting increased rates of stress and inclination toward early 
retirement, leading to shortages in surgical expertise (Campbell et al., 2001).   
Depressive symptoms and stress are linked to medical errors and low-quality 
medical care (Mata et al., 2015).  The relationship of medical errors to physician 
depression and stress has been shown in multiple studies, with physicians being described 
as “…the second victim of the error” (Wu, 2000).  The cyclic nature of the stress 




In a recent correlational study, a strong statistically significant relationship was 
found between surgeons reporting a recent medical error and negative ratings on burnout 
and mental quality of life (QOL) assessments (Shanafelt et al., 2010).  Greater than 70% 
of surgeons attributed self-reported errors to individual, as opposed to systematic causes.  
It is possible that many surgeons attribute unknown systematic errors as individual in 
nature due to the stigma of reporting and the surgeon culture of duty and control.  They 
may be taking much more responsibility for error than is accurately attributable 
(Shanafelt et al., 2010).  Surgeons and the overall physician population appear to absorb a 
tremendous amount of occupational stress due to a professional culture of infallibility and 
the lack of organizational acknowledgment of the problems of stress (Wu, 2000).  
According to Shanafelt et al. (2010), surgeons are especially susceptible to the stress 
from error when understanding that the majority of errors are related to decisions made 
by surgeons.   
Consideration should be given to all factors contributing to surgeons’ 
occupational stress to improve stress reduction efforts.  Environmental factors that 
contribute to surgeon stress levels deserve more study.   
1.2. Problem Statement 
Surgeons endure a significant amount of mental stress while operating in complex 
and intense surgical environments (Arora et al., 2010b). Many factors contribute to the 
highly stressful surgeon profession.  Surgery has become so complex that it exceeds the 
human capacity for situation awareness without interventions or methods to control the 




laparoscopic surgery, have improved patient outcomes but require more mental effort and 
endurance from surgeons (Böhm, Rötting, Schwenk, Grebe & Mansmann, 2001).  
Surgeons have requested training to cope with their cognitive stress, which is increasing 
with additional technological and organizational pressures (Arora et al., 2009a). 
Mental workload and mental stress are determined by the interaction of an 
individual’s mental capacity, task demands, and the conditions the task is performed 
under (Tsang & Vidulich, 2012).  In contemporary United States hospitals, surgical staff 
spend most of their day in windowless operating rooms without any vantage points to the 
exterior of the building.  There is a growing body of research demonstrating the 
therapeutic benefits of views and daylight in various clinical areas of the hospital (Pati et 
al., 2008; Zadeh, Shepley, Williams & Chung, 2014).  Environmental conditions such as 
the lack of access to views of nature and daylight are contributing factors to occupational 
stress. 
Most operating rooms are illuminated using artificial, ambient room and surgical 
task lighting, without windows and natural light.  Asepsis planning concepts influenced 
surgical configurations, and together with the advent of several building technologies, the 
requirement for windows was eliminated.  Due to changes in lighting and other medical 
technologies, working conditions have steadily become more removed from nature and 
the outside.   
Reintroducing the window into the operating room is an environmental strategy 
shown to mitigate the influence of the stressful environment (Taylor, 1979; Anderson, 




been tested in an operating room setting.  Over time, innovations in building envelope 
design, daylighting controls, and window glazing technology support the feasibility of 
windows in operating rooms without sacrificing infection control, humidity control, or 
visual glare.  Examples of windowed operating rooms are common in European hospitals 
in various climates.   
1.3. Research Question 
Does the presence of a window in an operating room influence surgeons’ mental stress? 
 
The presence of a window can be understood as two separate variables for 
discussion, access to exterior views and daylight, each of which have been shown to be 
an influence on health outcomes in other work settings.   
It is proposed that access to an exterior view in the operating room setting will 
reduce surgeon mental stress.  Findings from occupational health research performed in 
business and healthcare patient settings indicate a connection between lower measures of 
stress and access to exterior views and nature (Largo-Wight et al., 2011; Pati et al., 2008; 
Dianet et al., 2013). 
It is proposed that access to daylight in the operating room setting will reduce 
surgeon mental stress.  Ambient and task lighting levels in operating rooms during most 
surgical procedures are already very high and vary by surgical type.  Surgical procedures 
using lasers or some minimally invasive surgeries (MIS) using special monitors require 
controlled lighting requirements.  During specialized surgical procedures, such as MIS 




uncontrolled lighting conditions.  In comparison, ‘open’ surgical procedures, commonly 
described as ‘conventional’ procedures, are less reliant on visualization technology and 
don’t require the operating room to be darkened.  While surgery is trending to replace 
open procedures with these specialized procedures, many open procedures will continue 
to be needed for quite some time (Bharanthan et al., 2013).  Therefore, the effect of 
access to view and daylight may be most beneficial, in operating rooms used for open, 
conventional surgical procedures more so than specialized operating rooms with much 
different lighting requirements. 
1.4. Significance of the Research 
This research has implications for future surgeon mental stress research as well as 
healthcare architectural practice.  There is very limited research that studies the quality of 
the built environment and its effects on building occupants.  In fact, environmental 
research has a much shorter history than other disciplines, such as medical research.  This 
study incorporates aspects of clinical studies to investigate a feature of the built 
environment.  A strength of this study is the development of a cross-disciplinary 
methodology to assess the quality of the built environment to understand how working 
conditions affect staff health.   
No other study of surgeons’ mental stress has associated physiological measures 
with the environmental conditions of the operating room.  Current operating room design 
is directed by engineering requirements and workflow concepts, with little emphasis on 
staff human health needs.  One audience for this study’s findings is healthcare provider 




staff stress.  Another audience for this study’s findings is the Facility Guidelines Institute 
(FGI), an organization that informs the future design, renovation, and modernization of 
operating rooms.  In the United States, the FGI is an organization that writes and 
publishes the guidelines and standards for the design and construction of healthcare 
facilities.  The FGI aims to improve healthcare environments by incorporating the latest 
research findings and best practices into the revisions of design guidelines.  The 
contemporary hospital form in the United States separates staff and patient zones, which 
unfortunately, has created different levels of environmental quality.  To date, most 
research has focused on the improvement of patient care environments, rather than 
healthcare staff working conditions.  This study addresses how a specific architectural 






2. THEORETICAL FOUNDATIONS OF THE WORK ENVIRONMENT 
 
This chapter provides summaries of the various theories, theoretical models, and 
constructs used to guide this study.  The stress models and constructs presented are used 
most frequently by the human factors discipline to investigate systems engineering 
choices.  The theory of supportive environments and the attention restoration theory are 
both ecological theories that have related stress model concepts to environmental 
variables.  User-centred theory is a theoretical framework used to assess the quality of the 
built environment based on how well it supports the needs of different building user 
groups.  Systems engineering initiative for patient safety is a theoretical model of work 
systems used to study healthcare environments. 
The theories and theoretical models described in this chapter were selected to 
inform and structure this study to investigate the influence of windows on surgeon mental 
stress.  Theoretical models of how the human mind processes information and fatigues 
were used to select the study’s stress measures.  The Theory of Supporting Environments 
(TSE) is shown as a counterpoint to the Attention Restoration Theory (ART), and 
specifically how access to daylight and nature in a work setting affects mental stress.  The 
User-centred theory was chosen as an organizing theoretical construct for the evaluation 
of the operating room environment, to understand how well it supports the surgeons’ 




used to express the complexity of the operating room and how surgeon mental stress can 
be addressed with a multi-level strategy similar to patient safety.    
2.1. Stress Models and Constructs 
2.1.1. Contributions to Surgeon Stress 
Stress has been utilized by researchers as an indication of short and long-term 
health factors.  Numerous studies have linked the elevated levels of stress in healthcare 
occupations to depressive symptoms and diminished overall wellness (Mata et al., 2015).  
It is important for every physician specialty to assess its unique rates of stress and 
depression, leading factors, and prevention and treatment strategies (Mata et al., 2015).  
Surgeons and surgeon residents and are among the most essential groups requiring 
assessment due to the intensity of their working conditions and the consequences of 
medical errors within this specialty.  Using the Maslach Burnout Inventory (MBI), 
Campbell et al. (2001) showed 63% of practicing surgeons have moderate to high levels 
of self-reported emotional exhaustion (EE), and 32% of surgeons reported that “…they 
had nothing left to give.”  The impact of the occupational stress on surgeon health and 
wellness is a significant problem that appears to be getting worse. 
When surveilling the available literature on stress in the surgical environment, 
stressors fall in the general categories of physical, mental, and environmental stressors. 
2.1.1.1. Physical Stressors 
The physical stressors undergone by surgeons are significant with long hours of 
standing or other uncomfortable postures.  Significant ergonomic issues in the operating 




between staff and equipment, staff and the work environment, and staff and the surgical 
tasks (Matern, Koneczny, Scherrer & Gerlings, 2006).  According to Wahr et al. (2013), 
many operating rooms have “…poor room and equipment ergonomics…” that create 
crowded conditions and frustration with equipment.   
2.1.1.2. Mental Stressors 
The mental stressors of surgeons are those that relate to their decision-making and 
ability to focus on tasks amongst distractions while receiving multiple streams of 
information.  The conventional operating room setting is a complex surgical environment 
with the surgeon managing staff and manipulating multiple different types of equipment.  
The surgical environment is rapidly changing with the increased integration of multiple 
types of technology (Bharathan et al., 2012).  These innovations do not come without 
disadvantages; surgeons’ mental workload has increased with the additional technology 
and interactive displays that are integral to these procedures.   
The operating room has evolved into an environment that is so complex that it 
requires checklists and special training to handle the mental stress.  The use of surgical 
checklists mirrors efforts in other high-consequence industries, such as aviation or 
nuclear power management (Gawande, 2010).  The medical profession has sought to 
address the growing problem of surgeon stress with instruction on coping strategies for 
surgical residents (Arora et al., 2009a).  In industries other than healthcare, a systems 
approach has been used to address the workload and mental stress in the workplace.  
Human factors methods have been used to facilitate changes to system design and 




used when other changes to the system, technology, or environment have been exhausted 
or ineffective (Gawande, 2010). 
There is growing evidence suggesting that excessive mental stress affects surgeon 
performance (Arora et al., 2010b).  Sexton, Thomas & Helmreich (2000) compared 
surgeons to pilots regarding their attitudes concerning stress and its influence on their 
performance.  Surgeons demonstrated a denial of the connection of stress to their 
performance.  Stress management and improved technical performance were performed 
more successfully by experienced versus novice surgeons (Arora et al., 2010a).  Surgeon 
culture itself has been a barrier to improvement, due to an accepted view that 
occupational stress is a necessary part of the profession. 
2.1.1.3. Environmental Stressors 
Staff health has a strong influence on job satisfaction, and working conditions are 
a major contributor to overall staff health.  This is especially true in the healthcare 
industry, given the long hours of shift work performed.  Staff access to daylight and the 
quality of the work environment has been the subject of several studies.  Figueiro (2013) 
states that light is not merely visual, but regular, daily exposure to light is required to 
maintain human circadian rhythm.  Disruption of circadian rhythms is linked to sleep 
disorders and cancer because of altered melatonin production by the body. 
The human body produces melatonin, which is a hormone that is responsible for 
maintaining the biological clock within the body.  The presence of daylight and light with 
the same qualities as daylight discourages the production of melatonin, which then raises 




body runs slightly less than an actual 24-hour day.  The typical morning daylight 
exposure curtails the production of melatonin and resets the circadian system of the body 
to realign with the 24-hour day.  The human body, when working in windowless 
environments, may not receive the requisite light exposure at the correct time of day or 
enough duration to affect melatonin production and realign the circadian system.  The 
person may experience an inability to sleep, or sleep disruptions, due to the misaligned 
schedule of the body.  Sleep disruptions are exacerbated when considering the cumulative 
effect of working multiple consecutive days in a work environment isolated from access 
to daylight.  Additional factors, such as shift work, interfere with the sleep/rest cycle of 
the human body. 
Healthcare organizations are concerned with the quality of care provided, and one 
significant indicator is the rate of medical errors.  The medical error rate is classified as 
surgical errors, medical administration errors, medication dispensing errors, or 
misdiagnoses.  According to Ulrich et al. (2008), the medical error rate is linked to 
lighting levels as well as other factors.  Studies of pharmacy operations had shown 
significant reductions in dispensing errors when task lighting levels increased (Ulrich et 
al., 2008). 
In another medical literature review, Jha, Duncan & Bates (2001) link fatigue to 
medical error and describes the role that shift-work and sleep-debt have on attentiveness, 
motor function, and decision-making.  This review notes that sleep deprivation and 
fatigue are a widespread phenomenon in healthcare workers due to shift-work.  Shift 




to non-shift workers (Jha et al., 2001).  A study of nurses within a large medical center 
found that shift working nurses reported sleeping disturbances and medication error rates 
twice that of a day shift nurse (Jha et al., 2001). 
The staff outcomes of job satisfaction, productivity, and quality of care were 
described in the literature as negatively affected by items such as sleep disturbances, 
health concerns, and attention deficits.  The potential that the design of the built 
environment contributes to the stress levels of healthcare providers is strong, with 
additional research to be performed to determine which features can be implemented to 
provide the greatest restorative effects for the hospital staff.  Daylight and nature have a 
connection to restorative experiences and lowering stress, and stress has a connection to 
sleep disturbances, fatigue, and inattentiveness.  The incorporation of increased access to 
daylight and nature for healthcare staff may contribute to lowering staff stress and 
increasing their quality of care. 
2.1.2. Mental Workload and Attentional Resources 
Mental workload and mental stress have been studied using multiple conceptual 
models, with the idea of a limited attentional capacity as the most widely accepted 
concept (Endsley, 1995; Tsang & Vidulich, 2012).  In Figure 2.1: Theoretical Framework 
of Mental Workload and Attentional Resources (Adapted from Tsang & Vidulich, 2012), 
the cycle of mental workload and attentional resources is presented.  According to this 
model, the mind performs tasks by receiving information from the environment, which 
requires attentional resources.  The amount of mental workload is dependent on the type 




(strategic management), and the task complexity.  This adapted model describes how a 




Figure 2.1: Theoretical Framework of Mental Workload and Attentional Resources 
(Adapted from Tsang & Vidulich, 2012) 
 
A surgeon can lower his/her mental workload as he/she progresses from a novice 
to an expert.  The more experience a surgeon possesses, the less processing resources are 
needed to perform a task.  Processing ability can be trained and improved.  Task training 
improves processing ability for that task, yet it is non-transferable to other tasks.  Task 
training does not improve attentional capacity, which is understood to have limits.   
2.2. Theory of Supportive Environments 
In the realm of patient care environments, there is a theoretical basis for 




amount of research has been dedicated to the positive effects of nature and daylight on 
patient pain management, sleep quality, depressive symptoms, and treatment of overall 
mood (Ulrich et al., 2008).  These findings have received attention and are now design 
considerations for healthcare facilities.  Occupational health research has influenced the 
design of other commercial settings; however, these findings from other settings have not 
been transferred to the design of the dense staff zones within a hospital. 
Hospital patient zones exist to support patients in the healing process.  The theory 
of supportive environments (TSE) is mostly applied within patient settings to provide 
recovering patients with “positive distractions” (Ulrich, 1991).  The idea of introducing 
distractions of any kind into the operating room can be difficult to reconcile with the 
critical decision-making requirements of the surgical team.  The TSE is an inappropriate 
concept to apply to the design of hospital staff zones, particularly areas that require staff 
focus and attention.   
The human mind is complex with the likelihood that there are multiple theories at 
play to explain how different mechanisms may influence the mind under various 
circumstances.  The TSE is frequently used as the theoretical explanation for the study of 
patient care environments; however, the study of patient recovery is understood to be 
different than surgeon performance in the workplace.   
2.3. Attention Restoration Theory 
The human mind requires what is described as “directed attention” to focus on an 
important, but a somewhat uninteresting task.  When this focus is prolonged, the human 




attention restoration theory (ART) posits that not all attention is tiring, and is dependent 
on its interest level; therefore, attention paid to interesting or more natural objects is not 
tiring and can restore the mind's directed-attention reserves.  According to Kaplan (1993), 
the inclusion of natural features, views, and access to the outdoors in the workplace will 
support a better working environment and decrease workspace stress. 
 
 
Figure 2.2: Attention Restoration Theory (Adapted from Jansen & Keller, 2003; Kaplan, 
1989) 
 
The operating room is a complex environment that requires the surgical team’s 
focused attention during surgical procedures.   
During high-stress procedures, surgeons deplete their attentional reserves, and the 
ART states that visual stimulation that is automatic or requires no mental interpretation 
will provide a restorative effect on attentional reserves.  Views of nature provide visual 
stimulation that does not require interpretation.  Natural environments are posited to be 
instinctually ingrained in the human condition, and interaction with them provides a 




operating room could allow surgical teams to work in stressful conditions with less 
mental stress. 
Workspace stress literature provides theories of how attentional resources may be 
restored to decrease mental stress (Kaplan, 1993).  Kaplan’s attention restoration theory 
(ART), follows Alexander’s concept of “Goodness of Fit” which states that the 
environment should be supportive of the functional purpose of the space and that when 
space is not supportive, there are indicators of a ‘misfit’ of the space (Alexander, 1964).  
The physical characteristics of the operating room should support surgical task 
performance.  High rates of surgeon occupational stress indicate a potential 
environmental ‘misfit’ as a stressor and create an opportunity for adjustment to the 
operating room environment. 
2.4. User-Centred Theory 
Vischer proposed the user-centred theory as a method to evaluate the quality of 
the built environment from the perspective of the occupants of the space.  The 
functionality of work environments should be measured by the ability of the environment 
to support the building’s users while performing the planned function or activities of the 
space.  In Figure 2.3: User-Centred Theory (Vischer, 2008), the central concepts of the 





Figure 2.3: User-Centred Theory (Vischer, 2008) 
 
Vischer stated that a workspace environment should provide occupant ‘comfort’ 
to decrease occupational stress (2007).  The habitability pyramid presented in Figure 2.4: 
The Habitability Pyramid (Adapted from Vischer, 2007), has been expanded on Preiser’s 
previous work on building performance assessment (1983; Preiser & Vischer, 2006).  The 
three levels of building occupant comfort are physical, functional, and psychological 
comfort (Vischer, 2007).  A building is habitable once it attains some level of physical 
comfort; however, if it merely meets basic shelter requirements but has not met 
functional or psychological comfort requirements, then the building will have lessened 
effectiveness.  The occupant levels of comfort interact and serve as a means to assess the 






Figure 2.4: The Habitability Pyramid (Adapted from Vischer, 2007) 
 
2.5. Systems Engineering Initiative for Patient Safety, Model of Work  
The central concept of the Systems Engineering Initiative for Patient Safety 
(SEIPS) model is the work system and how its components work together for the patient, 
surgeon, and organizational outcomes (Carayon et al., 2006; Holden et al., 2013).  Figure 
2.5: Systems Engineering Initiative for Patient Safety (SEIPS) model of work system and 
patient safety (Carayon et al., 2006) presents the SEIPS work system components of 
tasks, tools and technology, organization, people, and the environment. 
Within the operating room, tools and technology interact with the other 
components, and these interactions influence patient and organizational outcomes 
(Holden et al., 2013).  Increased integration of technology has had a positive impact on 






Figure 2.5: Systems Engineering Initiative for Patient Safety (SEIPS) model of work 





organizational outcomes.  One outcome area is surgeon stress, which has influenced 
staffing strategy, staffing cost, and overall quality of care. 
A major source of surgeon stress appears to be new technology; however, a 
mitigation strategy need not be solely focused on how surgeons interact with technology.  
Other work system components can be part of a multi-component strategy to mitigate 
surgeon mental stress.  Traditional strategies have altered surgeon training, surgical task 
performance, and healthcare system care delivery.  Altering the operating room 
environment has not been given much consideration.  Yet, the environmental components 
offer a promising route to stress mitigation, considering how other types of workplaces 
have been successful in decreasing occupational stress. 
Environmental conditions of the surgical environment relate to other system 
components of the SEIPS model.  The environment impacts the tools and equipment 
allocations, and their locations within the space; these are all determined by the 
environment that drives the surgical process.  The integration of new technology alters 
the way surgical tasks are performed. Therefore, the way operating room environments 
support surgeons bears review. 
Theories of environmental influences on mental stress and theoretical constructs 
of information processing of the human mind were used to design this study of the 
influence of windows on surgeons’ mental stress.  The ART states that access to nature 
and daylight has a restorative effect, which this study sought to understand with 
instruments designed to measure and compare how the restorative effects may differ 





3. LITERATURE REVIEW: THE OPERATING ROOM ENVIRONMENT 
 
3.1. Shifting Surgery from a Performance Art to a Science 
In Western healthcare, the earliest hospital forms were derived typologies from 
religious or public buildings (Wagenaar, 2006).  In 17th and 18th centuries Europe, new 
hospital building types were created to support the changing theories for the underlying 
causes of illness and disease.  The shape and layout of hospitals were altered as the 
medical profession developed new methods.  Environmental conditions, such as daylight, 
ample ventilation, and the absence of foul smells were standards upheld as supportive of 
healthy and healing healthcare settings.  Early hospital forms were elongated and oriented 
to receive daylight and ventilation. 
Early surgical interventions developed treatments for trauma, mainly amputations 
or minor external procedures (Whitlock, 2017).  Within the hospital, the earliest forms of 
surgical spaces, or operating theatre, were developed as instructional places.  The 
operating theatre was arranged ‘in the round,’ and the ‘theatre’ described the tiered 
seating surrounding the central procedure space.  Experienced surgeons instructed 
students in the observation area with surgical demonstrations.   
Surgical procedures were physically demanding and required a great deal of 
physical effort from the surgeon.  The procedures were so quick that many were 
performed consecutively on different patients with little cleaning or changing of 




until later in the 19th century.  Prior to breakthroughs in anesthesia, antisepsis, and 
asepsis, most procedures were amputations and of last resort, with almost no invasive 
procedures.  An amputation procedure would last only a few minutes, with surgeon skill 
measured by the ability to violently perform a few simple, rapid movements. 
 
 
Figure 3.1: Plan of St. Thomas' Hospital; Location of Operating Theatre in Red (Adapted 
from The Old Operating Theatre Museum, 2017) 
 
The discovery of an original operating theatre, added in 1822, in the old St. 
Thomas’ Hospital in Southwark, England provides an example of how the earliest 
operating theatres were constructed in hospital forms derived from other building types.  




(Adapted from The Old Operating Theatre Museum, 2017), the conversion of a medieval 
church into hospital grounds is shown.  The sprawling medical campus grounds are wards 
and courtyards arranged around the chapel and religious functional spaces, with the 
operating theatre location in what was known as an herb garret, or attic storage of 
medicinal herbs.  The prominence of herbal and religious treatments began to wane, as 
other treatment-based interventions, such as surgery, became more frequent because of 
progression in medical understanding.  At the time, the operating theatre needed 
conditions for adequate lighting and noise separation from other patient spaces; the attic 








In Figure 3.3: Watercolor painting of the St. Thomas' Hospital men's operating 
theatre (Brock, 1977), the operating theatre’s elevated viewing platforms surround the 
procedure space with two major floor levels of observation space.  These early operating 
theatre environments were designed to showcase the performance of surgical procedures 
and the surgeon’s technical proficiency.   
 
 
Figure 3.3: Watercolor painting of the St. Thomas' Hospital men's operating theatre 
(Brock, 1977) 
 
In 1846, the first surgical procedure performed with anesthesia was accomplished.  




2017).  The lack of pain allowed for the expansion of surgical procedures for more 
complex internal interventions.  Surgery duration was no longer the primary metric of a 
surgeon’s ability.  The expanded surgical interventions led to more workload, and some 
new hospital designs included an operating theatre. 
Still, many hospitals continued to provide care without a dedicated operating 
theatre.  Rates of morbidity were very high, and surgical procedures were still not a major 
part of hospitalization.  In early hospitals, there were few room types; hospital space 
consisted of the ubiquitous patient ward where most medical activities took place 
(Schlich, 2007).  Surgeries were performed in rooms that served a variety of functions, 
not just for surgical procedures.   
Surgeon performance relied primarily on strength and coordination while 
amputating limbs; most procedures were of low complexity due to the lack of 
survivability of more protracted or invasive procedures.  Still, the environmental 
conditions of the operating theatre were shaped by what was available in the 1800s, with 
much of the lighting provided by skylights.  These conditions supported the operating 
room’s function as a demonstration space for instruction. 
3.2. Scientific Foundations for Operating Room Design 
The development of germ theory in the mid-nineteenth century began with 
smaller discoveries that shaped the design of the operating room.  In 1867, the concepts 
of antisepsis were implemented, with the use of carbolic acid as an antiseptic treatment of 
the surgical wound (Clemons, 2000).  Protection of the patient from other environmental 




were adopted in the 1880s.  The rates of surgical morbidity were tremendously improved 
by the end of the 19th century (Sloane, 1994).  The understanding of asepsis and 
antisepsis led to expanded surgical treatment protocols, and the use of specialized 
surgical treatment rooms in U.S. hospitals by the 1890s (Sloane, 1994). 
According to Clemons, “…the first modern operating room in the United 
States…” was built in 1891 in New York City using the concepts of asepsis (2000).  
Depicted in Figure 3.4: Floor plan of the operating suite of the Roosevelt Hospital 
(Clemons, 2000), the top floor of the new Roosevelt Hospital was designed as the 
operating suite, segregated from the rest of the patient floors and support areas.   The 
design maintained the surgical amphitheater layout with its elevated viewing levels, as 
well as the large north-facing skylight.  Additionally, the operating theatre was lit with 
gas and electric lighting systems to ensure adequate lighting at all times of day or night 
(Clemons, 2000).  The materials selected for this new ‘modern’ operating room were 
purposely selected for their ability to be cleaned and durable.  The overall project was 
very expensive and would likely not have been completed if not for a wealthy benefactor. 
Surgery was no longer performed as a last resort, as mortality rates had dropped 
due to the successes of antisepsis and asepsis techniques.  Still, surgery was prioritized 
for the wealthy.  The number of capable surgeons and appropriate hospital-based 
operating theatres were few, despite the increasing number of potential patients.  The 










The duration of the surgery was no longer a constraint due to the use of 
anesthesia.  Furthermore, the use of antiseptic techniques allowed surgeons to attempt 
more invasive procedures compared to earlier times.  The complexity of procedures was 
increasing rapidly along with the more invasive interventions further into the body cavity.  
Surgeons continued to have a significant amount of physical work during a surgical 
procedure, but added to this were the complications related to maintaining antiseptic and 
aseptic technique.  Surgeons were more aware of how their actions related to patient 
outcomes and significant effort was devoted to adhering to surgical protocols to improve 
surgical outcomes. 
The design of the operating theatre continued in the original arrangement of a 
large procedure space surrounded by an observation area because the method of surgical 
instruction was unchanged.  The scientific understanding at the time was focused on 
avoiding contact of contaminated equipment or the surgeons’ hands and patient.  A better 
understanding of the airborne aspects of contaminants would develop later, but until then 
the operating theatre typology remained.  Operating theatres were located on the top 
floors of hospitals to segregate the function and maintain aseptic measures.  The 
evacuation of anesthesia gases was afforded through operable windows, and the upper 
floor location avoided impact on patient floors with the anesthesia gases rising outside 
the windows.  Piped gas lighting fixtures allowed the potential for artificial lighting; 
however, there was a risk of explosion from the open flame with anesthesia gas.  This 




electric lighting in the mid-1880s expanded lighting opportunities within operating 
theatres (Verderber & Fine, 2000). 
3.3. Rapid Expansion of Surgery 
The years leading up to World War I until after World War II is what can be 
described as the Interwar period (1910-1950) of operating room design.  The rapid 
expansion of surgical capability in many of the North American (the U.S. and Canada) 
hospitals was accomplished during this time.  A major driver in this was the access to 
surgery being provided to the public.  However, many U.S. hospitals were urban-based, 
and not all areas had access to hospital-based care.   
In the early twentieth century, a surgical amphitheater was less likely to be seen in 
new hospitals.  The concepts of asepsis had expanded to include awareness and concerns 
about broader environmental contaminants.  Large open-plan spaces with dozens of 
people in the surgical space were known to violate aseptic principles.  By this time, all 
hospitals had specialized operating rooms and suites.  The cost of construction for 
operating room space was higher, and more were needed per hospital.  By removing the 
large footprint of the amphitheater, hospitals could construct many modestly sized 
operating rooms in the same amount of space.   
The operating room concept was based on judicious use of space, allowing for 
each surgeon to operate in about 300 square feet of surgical space.  This was considered 
enough space for the open procedures of the time, and the limited amount of staff and 
equipment.  The instructional aspect was altered to fit this updated concept and layout, 




current practice.  A case of a facility built in the early part of the Interwar period is the 
Hôpital Notre-Dame in Montreal, Canada.  The Hôpital Notre-Dame, designed by 
Stevens and Lee, was built in 1923 and is considered an example of the planning 
concepts at the time.   
 
 
Figure 3.5: Hôpital Notre-Dame, Montreal, Exterior View of the hospital with Operating 
Room windows on the front right of the facade (Adams, 1999) 
 
In Figure 3.5: Hôpital Notre-Dame, Montreal, Exterior View of the hospital with 
Operating Room windows on the front right of the facade (Adams, 1999), the operating 




individual operating rooms are shown, in Figure 3.6: Hôpital Notre-Dame, Montreal, 
Plan of the Sixth Floor, Operating Rooms in Red (Adams, 1999), located on a single, 
double-loaded corridor.  There are only four operating rooms, which is typical in this 
early period of surgery and its role in hospital-based care.  They are organized in a dead-
end corridor to centralize all the operating rooms for ease of surgeons moving from one 
case to the other.  The use of the elevator to move patients to this floor was essential.  
Improvements in steel construction and the reliability of elevators supported the elevation 
of the operating room to the top floor of a stacked plan.  The top floor location was 
maintained because of the need for passive ventilation to remove/evacuate anesthesia 
gases.  Access to skylights for daylighting was still maintained as a prominent aspect of 
the operating room environment.  However, electrical lighting was installed in all 
hospitals of this period. 
Surgical procedures during this time were becoming more complex.  Additionally, 
the demand for surgeries also increased.  Consequently, there was a growing need for 
trained surgeons to satisfy this increasing demand.  The development of specialized 
surgical equipment, lighting, and tables was underway to support the new requirements of 
surgical procedures.  Surgeons were working larger workloads than in earlier periods, and 
the physical difficulty of various aspects of surgery was the impetus for the development 
of new surgical techniques, equipment, and tools.  For example, developments in new 
tables and supporting technologies were meant to address the requirements for 
positioning a patient for various types of procedures.  This surge in development focused 




Surgeon stress increased with the additional workload, and with health system 
expectations of the availability of emergency surgery at all times of day or night.  
Surgeons had a primary performance focus on morbidity and were selective in deciding 
candidates for surgery. 
 
Figure 3.6: Hôpital Notre-Dame, Montreal, Plan of the Sixth Floor, Operating Rooms in 




3.4. Operating Room Standardization 
In the post-war period from 1945-1970, healthcare construction had a boom in 
construction due to the Hill-Burton Act of 1946.  This act established standards of design 
and construction of health facilities across the U.S.  There was a great need for hospitals 
in rural areas, as most hospitals leading up to this time were located in urban centers.  
The growing population of the U.S. was not necessarily all located in cities.  The Federal 
government would fund 90% of the cost of development of a new hospital if the local 
community were able to raise the funding for 10% of the cost.  The hospital would then 
be required to follow the Hill-Burton standards of construction. 
 
 





The Hill-Burton Standards were known as the “Elements of the General Hospital” 
or the “Hospital Cookbook” because the guidelines for design and construction were 
prescriptive. In Figure 3.7: Hill-Burton Standards, Operating Suite for a 50-Bed General 
Hospital (Bugbee, 1946), the layout for the smallest hospital module’s surgical suite is 
shown.  Mechanical systems were implemented in all hospitals by this period, and the 
requirement for operating rooms to be located on the top floor of the hospital due to 
exhaust of anesthesia gas was no longer a driving feature.  Access to daylight via 
skylights was also curtailed due to the presence of electrical lighting.  Operating room 
placement on the top floor was no longer a requirement.  Therefore, top floor access for 
operating rooms was abandoned for most hospitals.  Access to daylight was still a priority 
as exhibited in the Hill-Burton Standards.  Operating rooms were designed in a wing with 
a double-loaded corridor with all rooms having access to perimeter wall and windows. 
During this time, healthcare design focused on the efficiency of patient care.  The 
Hill-Burton Standards and large growth in the numbers of hospitals created a research 
interest in the efficiency of healthcare.  One noted example, the Yale Traffic Index study 
performed in the 1950s, focused on the efficiency of the layout of inpatient wards and 
nurse travel distances.  The Yale Traffic Index study not only impacted inpatient ward 
design; the concept of efficiency guided all aspects of the hospital design. 
In 1964, a new hospital typology was designed for the Bellevue Hospital in New 
York City.  The architect designed an immense building ‘cube’ that was driven by the 
large population center in New York City, as well as the available site adjacent to the 




hospital form and using all of the new artificial and mechanical systems available to 
sustain the interior working environment.  The design justified the compact arrangement 
of space by the operational efficiencies gained (Verderber, 2000).   
In Figure 3.8: Bellevue Hospital, New York City, 1964, plan of the 15th floor 
(Architectural Record, 1964), the hospital’s square racetrack design is demonstrated, with 
the patient rooms lining the perimeter and the staff zones enclosed within the core of the 
building.  This new typology began what is known as the deep-plan hospital type. 
Since daylighting is of major importance only to the patients while supporting 
functions can be carried on as well if not better in artificial light, patient’s rooms 
are arranged along the outside walls, and support services are located in the 
central areas of each floor. This deployment sets the need for complete air 
conditioning, and efficiency of the arrangement justifies the expense 
(Architectural Record, 1964). 
The operating suite was one of the staff zones located in the center zone of the 
Bellevue Hospital.  Disconnecting the staff zones from the outside environment was a 
significant departure from historical practice.  The design was for one of the most 
prominent hospitals in one of the largest cities of the United States.  The design made an 
impact on the overall healthcare industry by demonstrating how dense healthcare 








Figure 3.8: Bellevue Hospital, New York City, 1964, plan of the 15th floor (Architectural 
Record, 1964) 
 
Not all healthcare designers were convinced that isolating healthcare staff was an 
improvement in the work environment.  There were other designs that did not follow the 
example set by the Bellevue Hospital.  In Figure 3.9: Mary’s Help Hospital, Daly City, 
CA, First floor, Operating Rooms in Red (Verderber & Fine, 2000), the ten-story 




perimeter of the building.  The four operating rooms in Mary’s Help Hospital are located 
on the first-floor level and oriented to take advantage of the northern indirect daylight. 
 
 
Figure 3.9: Mary’s Help Hospital, Daly City, CA, First floor, Operating Rooms in Red 
(Verderber & Fine, 2000) 
 
Another example, shown in Figure 3.10: Woodland Memorial Hospital, 
Woodland, CA, Second floor, Operating/Delivery Rooms in Red (Verderber & Fine, 




visibility and nurse travel distances.  On the second floor, the surgical suite is located 
within one of the hubs, and the three operating rooms and two Delivery Rooms (cesarean 
section, secondary operating rooms) are located on the perimeter.  The placement of the 
operating rooms on a lower floor departed from the earlier tradition of locating on the top 
floor of this six-level hospital. 
 
 
Figure 3.10: Woodland Memorial Hospital, Woodland, CA, Second floor, 




Overall, surgeries during the post-war period were a major aspect of the hospital’s 
operation and therefore were a central component of the building’s design.  The advent of 
building technologies, such as artificial lighting, mechanical ventilation, steel 
construction, and elevator systems, allowed dramatic changes to the hospital building 
form.  The focus on efficiency in building layout is present in all aspects of the hospital’s 
operation.  Surgeons perform multiple procedures per day; this metric became a 
performance target for this period. 
3.5. Modern Operating Room, Equipment Complexity and Workflow Efficiency 
Changes to the design and planning of the operating room occurred in the period 
from the 1970s until the present.  In Figure 3.11: Plan of Suggested Five-Theatre Suite, 
Clean Supply Route in Blue, Soiled Route in Red (Adapted from Essex-Lopresti & 
Hubert, 1962), proposed improvements to the overall design layout of the surgical suite 
of rooms were presented.  The authors described the methods of infection control by 
using aseptic theories and focused on the separation of circulation routes for clean and 
dirty types of activity.  To stock a clean supply storage room, clean supplies would move 
along a specific clean route.  To avoid contamination of clean supply routes, at the end of 





Figure 3.11: Plan of Suggested Five-Theatre Suite, Clean Supply Route in Blue, Soiled 
Route in Red (Adapted from Essex-Lopresti & Hubert, 1962) 
 
The proposal for separate clean and soiled routes required additional corridors 
which were a significant added cost to the construction of a surgical suite.  But by the 
1970s, many of the U.S. hospitals were beginning to utilize this newer approach to 
surgical suite layouts.  Essex-Lopresti & Hubert called for clerestory windows to provide 
daylight access in the operating theatres in their proposal.  However, daylight access was 






Figure 3.12: Theatre suite with interchange zone with sterile supply corridor (Essex-
Lopresti, 1999) 
 
Operating areas have continued to integrate newer technologies, which have 
necessitated more space for technical equipment.  The average size of an operating room 
grew from 300 square feet to 400 square feet in the 1990s, and in the early 21st century, 
the operating room grew to 600 square feet, according to Facility Guidelines Institute 
recommendations (FGI, 2014).  In Figure 3.12: Theatre suite with interchange zone with 
sterile supply corridor (Essex-Lopresti, 1999), the extensive circulation pathways 
designed to avoid contamination of sterile supplies with the waste stream continue to be 
used into the 2000s.  The operating theatre is disconnected from the building perimeter to 
support circulation access from two sides to further the ‘clean-zone’ strategy. 
The advent of minimally invasive surgery (MIS) techniques in the 1980s has led 




surgical trauma to the patient.  The less invasive procedures require extensive 
visualization technology and specialized surgical instruments to perform procedures 
using tube-like equipment through small incisions in the patient.   Surgeons continue to 
perform open surgical procedures; however; MIS procedures have become much more 
common for all types of surgery.  The patient benefits to MIS are numerous.  However, 
the additional equipment and altered interaction between the surgeon and the patient have 
increased the amount of mental and physical workload for the surgeon (Böhm et al., 
2001).  There are now multiple metrics for surgeon performance in the current 
complicated surgical environment.  Performance is measured in several ways: on surgical 
outcomes, medical error rates, as well as procedure duration. 
Surgeons are required to complete multiple surgeries per day, each of which 
require a higher amount of attention and knowledge due to increased complexities.  The 
operating environment is continuing to increase its sophistication with the use of newer 
technologies and the integration of multiple disciplines in the surgical environment.  The 
use of imaging technologies in the operating room includes radiography, fluoroscopy, 
and new integrations of magnetic resonance imaging (MRI). 
A significant amount of surgeons’ attention is required when performing surgery.  
The mental workload required for this attention, often lasting hours at a time, increases 
with distractions.  Most operating room designs in the U.S. seek to limit distractions by 
controlling the environmental conditions of the operating room and removing the 




3.6. The Changing Role of Daylight in Historical Building Forms of Hospitals 
and Operating Rooms 
This chapter has described how innovations in medical and building technologies, 
along with medical and environmental theories, have influenced the design of hospital 
buildings and surgical suites, impacting the work environment of surgeons and staff.  In 
Table 3.1: The Role of Daylight in Historical Hospital Forms, the guiding medical or 
environmental theory, major building, or medical technological innovations for several 
major historical periods of hospital design are presented.  Building typologies that 
epitomize each period are named and diagrammed, and architectural exemplars are 
presented.  
In Table 3.2: The Role of Daylight in Historical Operating Room Environments,  
the same factors for hospital design were seen influencing surgical environments.  
Guiding medical and environmental theories and technologies are again presented for 
each significant historical period of operating room design.  Operating room 
characteristics, including surgical suite configurations, are described along with 


























4. LITERATURE REVIEW: STUDIES ON OCCUPATIONAL AND 
ENVIRONMENTAL STRESS     
 
This chapter reviews the literature on research strategies and methods used in 
studying the contribution of workplace conditions to occupational stress.  This 
occupational stress literature search was limited to studies of the surgeon profession and 
focused on mental stress.  Although workplace conditions of view and daylight were not 
present in the surgeon mental stress literature, this literature review does include general 
studies of the influence of nature and daylight on stress.   
Arora et al. (2010) performed a literature review, “The Impact of stress on 
surgical performance: A systematic review of the literature,” to determine the types of 
research approaches and data collection methods or instruments that are being used to 
study surgeon mental stress.  Their review combed through several thousand articles on 
surgeon stress and limited the review with several filters.  The articles included were 
related to acute surgeon stress, had empirical evidence, and had mental workload as a 
focus.  The articles excluded were those that did not pertain to mental workload, or solely 
discussed ergonomic issues.  The literature review was updated using the same search 
and filter criteria to include studies performed since 2010.   
To further inform the current study, an additional literature search was conducted 
for research, which included window features, nature, or daylight in the study design, and 




window, nature, and daylight to produce a listing of representative literature.  These 
papers were examined to exclude studies that did not use nature or daylight as an 
environmental variable.  
The resulting literature relevant to this study is presented in this chapter in a 
research strategy spectrum from exploratory to descriptive and finally to explanatory 
approaches.  The research strategies were categorized as: Qualitative; Combined & Case-
Study; Non-Experimental; Quasi-Experimental, in real operating room settings; and 
Experimental, using simulated tasks or settings.  Surgeon mental stress studies followed 
strategies of clinical research design, which are suited to advance a medical intervention; 
these are categorized by increasing amounts of researcher control over the variables and 
subjects of the study.  In contrast, studies of the influence of nature and daylight on stress 
used strategies with less researcher control over variables at play, and more focused on 
theory creation or inductive reasoning (Creswell, 2014).   
Each of the categories of the research strategy is described, and the types of 
research questions that are asked as part of each type of research approach are discussed.  
Example studies from the Arora et al. (2010b) literature review of surgeon mental stress, 
and from my additional literature review on how nature and daylight influence stress, are 
presented in each of the categories.  The research study designs of each are described, 
including the treatment and outcome variables where present.  Measures of stress are 
described for each study.  Studies of how nature and daylight influence stress include a 




describes the development of a workspace stress index using a selection of different 
measures of stress used in the range of studies presented.   
A comparative analysis was performed of the literature for surgeon mental stress 
and nature and daylight.  First, research strategies and methods for each of these literature 
areas are summarized, separately.  Then a methodological comparison of the research 
strategies, research questions, and study designs was performed to determine similarities 
and differences between the literature areas.   
4.1. Research Approaches to the Study of Stress in Two Areas: Surgeon Mental 
Stress and the Influence of Nature & Daylight on Stress 
4.1.1. Qualitative Strategy 
4.1.1.1. Description of the Research Strategy 
The typical qualitative research studies performed in the healthcare environment 
are what Merriam (1998) would describe as basic and case study qualitative methods.  
Researchers using these methods ask Who, What, Where, How, and Why types of 
questions.  These questions are broader than would be used in a quantitative approach, as 
the intent of the qualitative approach is to understand and determine what factors 
influence the observed research topic, not to test known, or suspected factors. 
The qualitative research approach is exploratory, and the research design is 
intentionally broad to avoid exclusion of unknown aspects of the topic (Creswell, 2014).  
Qualitative research provides a foundation of understanding of a research topic area and 




identifying relationships between different variables that may influence the study area 
(Creswell, 2014; Hulley, Cummings, Browner, Grady & Newman, 2013). 
4.1.1.2. Examples of Qualitative Studies 
In the study by Arora et al. (2009a), “Managing intraoperative stress: What do 
surgeons want from a crisis training program?” the qualitative research strategy was used 
to investigate the requirements for a surgeon training program.  Fifteen surgeons were 
interviewed in non-surgical settings.  The objective of the research was exploratory and 
focused on identifying surgeon “…key stressors and coping strategies…” experienced in 
the operating room (Arora et al., 2009a).  The study was intended to develop an 
understanding of what surgeons believed to be their most stressful situations and how 
some surgeons address these situations and the perceived effectiveness of their coping 
strategies.  The study design allowed for the emergence of new factors, or stressors, from 
the research as well as the knowledge of surgeons’ subjective views of which stressors 
were of most significant impact. 
In the study by Wetzel et al. (2006), “The effects of stress on surgical 
performance,” a qualitative research strategy was used to provide an understanding of the 
process of stress and how it affects a surgeon’s performance in the operating room.  The 
research setting was outside of the surgical areas and consisted of interviews of six junior 
and ten senior surgeons.  The objective of the research was to explore the surgeons’ 
perceptions about how their stress impacted their performance.  The qualitative study 




allow for all aspects and factors to be considered as a potential source of stress and 
decreased performance. 
In the study by Dalke et al. (2006), “Colour and lighting in hospital design,” a 
qualitative research approach and a case study strategy was used to understand the visual 
environment of hospitals and how it influences users’ well-being and satisfaction.  The 
study was performed in field settings with an assessment of 20 selected hospitals.  The 
objective of the study was to identify areas of concern in the built environment with a 
specific focus on the visual field, lighting, and color in common areas used by staff, 
patients, and visitors.  The intent was to provide design performance guidance as a 
research outcome which would support, among other items, staff improvements in stress 
reduction and productivity.  The data collection methods used in the study were 
qualitative observational data collected with photographic and observer documentation of 
each area, and interviews with building users and management. 
4.1.1.3. Strengths & Limitations 
The purposes of qualitative research are to understand meaning, context, and 
process, to identify unanticipated influences, and to develop causal explanations 
(Maxwell, 1996).  Within the example studies by Arora et al. (2009a) and Wetzel et al. 
(2006), qualitative strategies were used to understand the context of stress from the 
surgeons’ perspectives as well as to identify unanticipated influences.  In the example 
study by Dalke et al. (2006), the qualitative approach was more concerned with the 
meaning of the visual environment and the process of ‘how’ it influenced users’ 




A significant disadvantage of qualitative research is the lack of appreciation for its 
usefulness in the healthcare and construction industries.  Healthcare design and 
construction executives and practitioners seldom incorporate qualitative research findings 
into major healthcare facility investments (Huisman, Morales, Van Hoof & Kort, 2012).  
A primary reason that qualitative research is looked down upon, outside of academic 
circles, is its lack of generalizability, due to small sample sizes or case-specific findings.  
However, the issue with this aspect of qualitative research overlooks that “…the intent of 
this form of inquiry is not to generalize findings to individuals, sites, or places outside of 
those under study” (Creswell, 2014). 
4.1.2. Combined & Case-Study Strategy 
4.1.2.1. Description of the Research Strategy 
Combined Strategies (Groat & Wang, 2002), or Mixed-method research strategies 
(Creswell, 2014) are in studies that integrate qualitative and quantitative approaches into 
a single research strategy.  There is a difference in the integration of qualitative and 
quantitative approaches at the level of a research strategy versus qualitative and 
quantitative methods at the level of data collection (Groat & Wang, 2002).  The 
integration of qualitative and quantitative approaches constitutes a separate, mixed-
method research strategy.  The integration of mixed data collection methods in studies of 
an otherwise qualitative or quantitative approach is not a description of a combined 
strategy. 
Groat & Wang (2002) citing Creswell (1994) classified Combined Strategies into 




methodology strategies.  The types differ in how qualitative and quantitative approaches 
are integrated.  They described the ‘two-phase’ strategy as using one approach after the 
other, changing the primary approach for each phase of the study.  Their category 
‘dominant-less dominant’ strategy was defined as using both approaches at the same 
time, but unequally, with one approach as the dominant for the study.  Mixed method 
strategies are characterized as the most integrated; they use both qualitative and 
quantitative approaches equally and simultaneously (Groat & Wang, 2002). 
“A Case Study is an empirical inquiry that investigates a contemporary 
phenomenon in depth and within its real-world context, especially when the boundaries 
between phenomenon and context may not be clearly evident (Yin, 2013).”  The case 
study strategy is useful in the study of complex settings where many variables may be at 
play.  A Case Study strategy using multiple data collection methods can triangulate 
findings.  The Case Study uses a theoretical foundation as part of its research design to 
guide the overall conduct of the study, its data collection, and analysis of findings (Yin, 
2013). 
4.1.2.2. Examples of Combined & Case Study Studies 
In the study by Andrade, Lima, Fornara & Bonaiuto (2012), “Users’ views of 
hospital environmental quality: Validation of the Perceived Hospital Environment 
Quality Indicators (PHEQI),” a combined, mixed-method, strategy was used to validate 
the use of PHEQI survey scales to assess the quality of the hospital environment.  A 
correlational portion of the study assessed four orthopedic departments in four 




quality of the built environment were measured.  The study surveyed 562 building users, 
consisting of staff, patients, and visitors.  The PHEQI survey consisted of 70, 5-point 
Likert scale questions that created three composite rating scales to evaluate: (1) the 
spatial-physical aspects of the hospital exterior; (2) the spatial-physical aspects of the 
interior of the orthopedic department; and (3) the social-functional aspects of the care 
unit (Andrade et al., 2012).   
Andrade et al. (2012) also used a qualitative approach with expert architect 
observations of the physical environment of the hospital.  The same aspects of the 
hospital environment that the building users were surveyed on were evaluated by two 
expert architects.  The researchers performed interrater reliability testing to assure that 
the expert observations were reliable before comparing to the survey responses of the 
users.  The survey response categories as compared to the expert evaluations were highly 
correlated (r2=.80) which accomplished one of the main objectives of the research to 
validate the PHEQI survey for evaluating the quality of the physical environment. 
The correlational objectives of the study were intended to assess any patterns or 
relationships within the data.  Correlations were found, using multiple regression, 
between the following response categories of the external environment, ‘upkeep and care’ 
and ‘orientation,’ which refers to building layout and adjacencies to green spaces.  Within 
the response categories of the internal environment, there was a significant relationship 
between ‘physical comfort’ and ‘views and lighting.’  The study by Andrade et al. (2012) 




of surgeon stress in the United States, with it being performed only in Portuguese 
hospitals.   
4.1.2.3. Strengths & Limitations 
The strength of Combined and Case Study Strategies are that if appropriately 
designed, they may achieve triangulation of findings.  Qualitative and quantitative 
approaches will each have their limitations and weaknesses for the same object of study.  
The strengths of one approach will ideally compensate for the weaknesses in the other.  
When the findings of one approach are consistent with the findings of the other approach, 
it is described as a triangulation of the findings.  The reliability of the findings is higher 
because support is given by the other method. 
The Combined and Case Study Strategies still have limitations.  The integration 
of the two differing, qualitative and quantitative, approaches can become complex and 
may achieve conflicting results, instead of a triangulation of findings.  A thorough 
understanding of alternate explanations is necessary to protect against this type of 
situation during analysis.  The ability to generalize findings from a single studied setting 
can be challenged by others, especially when special factors at play in the studied setting 
make it unlike the target for generalization. 
4.1.3. Non-Experimental Strategy 
4.1.3.1. Description of the Research Strategy 
Non-Experimental research strategies are used in real-world settings where the 
researcher cannot manipulate the variables at play (Punch, 2005).  Cook & Campbell 




difference between Correlational research strategy investigating incidence and prevalence 
of variables and a research strategy investigating causal relationships by isolating 
variables.  Cook & Campbell (1979), recognized authorities of Quasi-Experimental 
strategies, identify this type of research ‘Passive Observation’ to denote the lack of 
researcher control over the independent variable(s), while still studying a natural 
condition that isolated an independent variable. 
Other authors used different terminology to describe the passive observation type 
of Non-Experimental research strategy; however, these terms share the same research 
strategy characteristics.  Groat & Wang (2002) described studies investigating causal 
relationships, without researcher control over variables, as a type of correlational research 
called ‘causal-comparative’ studies.  According to Leedy & Ormrod (2010), these types 
of studies are described as “Ex Post Facto Designs,” as the nature of many of these 
studies involves a retrospective study of a naturally occurring intervention. 
Therefore, in this chapter, the ‘Non-Experimental’ strategy category is listed 
separately from Quasi-Experimental strategies (Punch, 2005; Cook & Campbell, 1979; 
Christensen, Johnson & Turner, 2014).  The various other descriptions of Correlational, 
Causal Comparative; Quasi-Experimental, Passive Observation; and Ex Post Facto 
Designs are each a misleading description in one way or another for studies that fit into 
this category of Non-Experimental studies.   
The non-experimental strategy takes, “…an intermediate position 
between…(Correlational) relationship studies and… experimental research (Groat & 




passive observation of variables is not considered a Clinical Trial or an Alternate Clinical 
Trial; these terms are equivalent to Experimental and Quasi-Experimental strategies, 
respectively.  Instead, Non-Experimental strategy is grouped with other observational 
strategies in clinical research (Hulley et al., 2013).  In research design, a study lacking a 
researcher-imposed intervention, but still containing a hypothesis and comparison of two 
groups, is most closely identified as a ‘case-control’ study in clinical research (Hulley et 
al., 2013).  According to Hulley et al., studies that make the best case for causal 
inference, while not being a clinical trial, are those that utilize ‘opportunistic’ situations 
to conduct a ‘natural experiment’ of the research subjects exposed to an intervention as 
compared to those that did not (Hulley et al., 2013). 
Correlational studies are a quantitative approach, “…to clarify patterns of 
relationships between two or more variables… (Groat & Wang, 2002).”  The main 
characteristics of correlational research are its “focus on naturally occurring patterns, the 
measurement of specific variables, and the use of statistics to clarify patterns of 
relationships (Groat & Wang, 2002).”  Groat & Wang categorizes Correlational strategy 
in two types, Relational and Causal-Comparative.   
Correlational research is used to study multiple variables at the same time.  The 
usage of complex statistical methods makes it possible to assess the associations of 
multiple variables in a statistical model.  Correlational research methods can consist of 
survey, observational, or archival data collection.  The setting of the research for 
correlational can vary from existing data to field settings to a remote collection method.  




behavioral pattern mapping is an example.  All correlational studies performed with 
archival data collection are retrospective, evaluating activities that have already occurred. 
4.1.3.2. Examples of Non-Experimental Studies 
In the study by Pati, Harvey & Barach (2008), “Relationships between Exterior 
Views and Nurse Stress: An Exploratory Examination,” nurse access to views of nature 
during twelve-hour shift and their influence on alertness and acute stress was explored.  
The study surveyed 32 registered nurses working in 19 different nursing units in two 
separate pediatric hospitals.  Surveys were used as the data collection method to 
determine by self-report the levels of acute stress, alertness, chronic stress, duration of 
exposure to an exterior view, and the exterior view content.  Pre- and post-shift surveys 
were collected from nursing staff before and after their shifts. 
There were additional demographic questions to allow for control of 
organizational, workload or physical factors of the unit.  The analysis of the findings used 
paired sample comparison, multivariate ordinary least square (OLS) regression, and 
multivariate regression.  It was determined, nurses with little to no access to nature had a 
relationship with increased stress or maintained stress levels.  Nurses that had 
experienced a decrease in stress over their shifts were associated with having visual 
access to nature and extended durations of visual access. The implication for the working 
conditions for nurses was that increased access to views of nature throughout their shifts 
had a positive impact on job satisfaction, due to decreased stress levels, as well as an 




In the study by Figueiro Rea, Rea & Stevens (2002), “Daylight and productivity: 
A field study,” behavioral pattern mapping was used to study staff productivity in a 
software development company.  A researcher observed and recorded occupancy, activity 
types, and electric lighting usage in the workspaces throughout the workday.  141 office 
workers were observed in group workspaces with and without windows, as well as 
private offices with and without windows. 
Extraneous factors, including dissimilarity in job descriptions, researcher bias, 
and consistency of environmental conditions, were controlled within room categories 
(Figueiro et al., 2002).  The job types differed between private and shared spaces, but the 
remainder of the spaces held a similar job description and daily duties.  The results were 
analyzed using multiple regression to assess the relationship between multiple factors.  
The findings were that while the windowed and non-windowed workspaces had a similar 
level of occupancy, there were significant differences in the amounts of time spent on 
computer work versus conversational activities in person or on the phone.  Limitations of 
the study were the unknown factors related to job types of employees in the interior 
versus windowed areas and if there were any significant influences on the validity of the 
measure of computer time for productivity. 
In the 1984 study by Ulrich, “View through a window may influence recovery,” a 
retrospective review of patient records in a ward with two different types of exterior 
views were assessed for correlation to patient recovery.  The study used patient archival 
measures of days of hospitalization, quantity and strength of analgesics, quantity and 




review of nursing notes on recovery.  The independent variable tested was the patient 
rooms with a window view of trees, as compared to the patient rooms with a window 
view of a wall.  A deliberate sampling strategy that only used patients in a specific ward 
that had undergone gall-bladder surgery, assisted control of multiple variables.  The 
patient records over numerous years were assessed to locate 23 matched pairs of patients 
in each view condition (46 total patients), controlling for clinical factors such as 
complications or other demographic factors.  The analysis of results, using Wilcoxon 
matched-pairs signed-ranks testing, was used to compare the number of days of 
hospitalization and nursing notes.  Specific statistical tests, Hotelling test groups, were 
used for assessment of the frequency and strengths of analgesic and anxiety medications.  
The findings showed a statistically significant correlation between the tree-view and a 
decreased number of days of hospitalization (Ulrich, 1984).  The patients with tree-view, 
in the last third of hospitalization, used analgesics less often and with lower doses than 
patients with a wall-view; however, anxiety medications were the same for both groups. 
In a study by Verderber (1986), “Dimensions of person-window transactions in 
the hospital environment,” the staff and patient populations of six Physical Medicine and 
Rehabilitation (PMR) settings were studied for the subjects’ physical and psychological 
responses to interactions with windowed spaces.  250 individuals responded (125 staff, 
125 patients) to a photo-questionnaire survey using 64 selected photographs of varying 
degrees of ‘window-ness’ with five-point Likert, preference scales.   Additionally, the 
survey contained ten open and closed-ended questions about window preference and 




The Verderber study identified 21 dimensions in the response patterns and 
categorized them into three groups: window characteristic preferences, window 
satisfaction, and psycho-social or functional dimensions.  The data analysis was 
performed using nonmetric multidimensional scaling to determine response dimensions 
and ANOVA of dimensional responses to rank-order dimensions by consistency and 
means.  The window characteristic preferences demonstrated patient desired views of 
outside activity, with street life being an important stimulant, as well as views of nature 
and sunlight.  The staff reported higher levels of dissatisfaction with window conditions 
than patients.  The “artificial views were nearly always less preferred than real views” 
(Verderber, 1986). 
In a study by Tennessen & Cimprich (1995), “Views to nature: Effects on 
attention,” university students’ dormitory views and its influence on their capacity for 
directed attention were studied.  Three dormitories were selected on a single university 
campus because of the similarity in window type and size, as well as a range of view 
types.  Seventy-two students were sampled and placed into four groups depending on the 
type of window view from their dormitory room as All-natural, Mostly-natural, Mostly- 
built, or All-built views.  The data collection methods consisted of performance tests of 
directed attention, subjective rating of attentional function, and a subjective test of mood 
state.  The performance tests were: Digit Span Forward (DSF) and Backward (DSB); 
Symbol Digit Modalities Test (SDMT); and the Necker Cube Pattern Control Test 
(NCPC).  The Attentional Function Test (AFI) was used as a subjective rating of 




(POMS), used to control for depressive moods linked to decreased attentional 
performance. 
The performance tests were administered in each student’s dormitory room by the 
researchers.  Collected data were analyzed using ANOVA, t-test, and Pearson correlation 
coefficients to determine patterns in the data and relationships between the numerous 
variables.   Four groups of students by window view type were assessed for differences in 
the attentional and mood variables.  The findings were that students with a natural view 
had a better performance in tests of the capacity of their directed attention, with the most 
significant difference between the two natural-view groups and the two built-view 
groups.  A limitation of the study was the potential for outside factors, such as noise or 
other distractions, affecting the results during the testing of students while in their 
dormitory rooms, as it was not a controlled setting. 
In the study by Kang et al. (2015), “High Occupational Stress and Low Career 
Satisfaction of Korean Surgeons” used a correlational strategy to assess the level and 
types of occupational stress and satisfaction of Korean surgeons.  The study uses a 
validated instrument, the Korean Occupational Stress Scale (KOSS), which has been used 
to assess stress levels among many specialized occupations within South Korea.  The 
database of existing KOSS responses by profession was accessed by the researchers to 
use as a benchmark comparison for the data collected from surgeons. 
The KOSS scoring categories are as follows: Physical Environment, Job Demand, 
Insufficient Job Control, Interpersonal Conflict, Job insecurity, Organizational system, 




professional society for Korean surgeons was surveyed, and 621 responses were received.  
The analysis of the responses and their comparison to the overall Korean professional 
scores showed significantly elevated responses for surgeons in all categories, indicating 
higher occupational stress, except for the ‘Insufficient Job Control’ and ‘Occupational 
Climate’ categories.  The largest difference was the ‘Physical Environment’ category, 
where surgeons rated their work environment as much more stressful than other 
professions. 
There were strong correlations between regular exercise or hobby interest and 
lower Total KOSS scores, which represent lower overall occupational stress.  A 
limitation of the study was a low response rate of 14%, modifications to the survey 
instruments were made to lower the time requirements for the surgeon respondents; 
however, surgeons are understood to be a difficult population to reach.   
In the study by Largo-Wight et al. (2011), “Health Workplaces: The effects of 
nature contact at work on employee stress and health,” office workers in a university 
setting were surveyed about their stress, general health status, and their contact with 
nature within their workplace.  The correlational study focused on administrative 
personnel within a single university, and 503 out of 1,622 survey responses were received 
(<30% response rate).  The survey was composed of several validated sub-scale surveys: 
The Nature Contact Questionnaire (NCQ); the Perceived Stress Questionnaire (PSQ); and 
portions of the Behavioral Health Risk Factor Surveillance System (BHRFSS).  
Respondents completed questionnaires to assess workplace conditions, level of access to 




The study used the levels of nature contact in the workplace, determined by the 
NCQ, as the independent variable.  The dependent variables measured were the perceived 
stress, stress-related health behaviors, and stress-related health outcomes, determined by 
the PSQ and the BHRFSS.  The study controlled for health behavior items such as 
smoking or physical activity with additional questions; however, these factors were 
eventually found not to be confounding. 
The analysis using multiple regression statistical models found that “…there was 
a significant negative association with nature contact and stress, and nature contact and 
general health complaints (Largo-Wight et al., 2011).”  Limitations of the study were that 
the majority of the respondents were women with an average age of 42, and a standard 
deviation of twelve years. 
In “Daylighting and productivity at Lockheed,” Thayer (1995) performed a case 
study of the relocation of 3,000 office workers from an older non-daylit setting to a newer 
setting with an emphasis on daylighting.  Staff productivity was measured by using the 
absenteeism rates before and after the relocation.  As the study was retrospective, there 
was no detailed description of the original facility and its conditions.  The study 
described a significant decrease in staff absenteeism and related these improvements to 
the improvements in the daylighting aspects of the new workspace.  The Lockheed study 
had several limitations related to its lack of original facility documentation, lack of 
control for staff member turnover before or after the relocation, and lack of discussion of 




In the study by Sexton et al., “Error, stress, and teamwork in medicine and 
aviation: cross-sectional surveys,” aviation crewmembers’ workplace perceptions were 
compared to medical professionals (2000).  The correlational study was designed using 
an existing and validated measure of workplace factors in the aviation industry that had 
greater than 25 years of use.  Portions of the aviation survey relating to perceptions of 
occupational stress, error, and teamwork were used to create a survey for medical 
professionals.  1,033 medical professionals (including surgeons, nurses, fellows, and 
residents) responded to the survey. 
Survey responses were analyzed by combining the different industry sets of 
responses into a single dataset.  Multiple regression statistics were performed to assess 
the relationships between the responses for the three dependent variables.  The 
differences in the responses by medical roles were the focus of the survey.  In the 
aviation crew, responses for perceptions of teamwork were closely aligned regardless of 
the role of the crew member.  However, in medical teams, surgeon perceptions of 
teamwork were higher than other members of the surgical team.  In areas of perception of 
stress and how it relates to error and performance, “Pilots were rated least likely to deny 
the effects of fatigue on performance, 26% versus 70%...” of surgeons (Sexton et al., 
2000).  Surgeons tend to deny that stress influences their performance and to have 
perceptions of teamwork that differ from other members of their team. 
In the study by Alimoglu & Donmez (2004), “Daylight Exposure and the other 
predictors of burnout among nurses in a University Hospital,” nurses were surveyed 




during workdays.  The correlational research strategy used a survey method to collect 
data from 141 nurses.  The survey questionnaire was a composite of personal data, the 
Maslach Burnout Inventory (MBI), the work-related strain inventory (WRS), and the 
work satisfaction questionnaire (WSQ). 
The outcome measures of the Alimoglu & Donmez (2004) study were levels of 
burnout dimensions, work-related stress levels, and job satisfaction levels, as compared to 
the predictor variable of levels of daylight exposure (1 hour; 1-3 hours; and 3 hours or 
more), during a typical workday.  All of the participants, except one, responded to having 
one of the top two categories of sunlight exposure. Therefore a comparison of those two 
groups was performed.  Statistical tests, Chi-square, and Student t-tests were performed 
to assess the distributions as normal between the two groups.  Correlations were assessed 
between the MBI, WRS, and WSQ individual dimensions and composite scores using 
multiple regression and Pearson’s correlation tests. 
The study found significant correlations between the burnout dimensions and 
work-related stress, as well as negative correlations between burnout and job satisfaction.  
The levels of exposure to daylight, along with sleep disorders and night duties during the 
typical workday, were found to be predictors of higher work-related stress and lower job 
satisfaction (Alimoglu & Donmez, 2004). 
In the study by Heschong, Wright & Okura (2002), “Daylighting impacts on 
human performance in school,” three elementary school districts were studied to 
determine the influence of daylighting on student performance.  The school districts were 




via skylights.  The presence of skylights instead of windows provided the researchers 
with the ability to compare and isolate the daylighting variable from the visual access to 
nature variable.  This quantitative, correlational study used data from 2,000 classrooms 
across 105 schools located in California, Washington, and Colorado.  The study assessed 
the daylighting characteristics of the windows in each of the classrooms by measuring the 
following: window area, transmissivity, configuration, room proportions, window 
reflectances, window orientation, overhangs and obstructions, and local climate 
conditions (Heschong et al., 2002).  These characteristics were assigned values, and a 
composite window code was created to rate the quality of daylighting in the classrooms.  
Classrooms with skylights were also identified with a separate variable to identify them 
by diffuse or direct lighting types. 
The study controlled for differences in each of the school districts’ curriculum and 
local culture by performing separate statistical models of each of the districts.  Data 
collection on teacher assignment as well as teacher performance standings to determine if 
there were any correlations addressed the alternate explanation for student performance 
differences related to teaching assignment. 
The results were analyzed using multiple linear regression to determine patterns 
in the data and assess what factors were associated with improved or lessened student 
performance.  The findings were that window codes with the highest daylighting quality 
were associated with a 15-23% faster rate of improvement (ROI) during the school year, 
as compared to windows with the lowest daylighting quality.  Skylights with diffuse light 




associated with a 21% decrease in ROI (Heschong et al., 2002).  The strong correlation 
between the diffuse skylights and higher test scores suggests that daylighting, when 
controlled, supported the performance improvements (Heschong et al., 2002). 
The study by Zuo & Malone Beach (2017), “Assessing Staff Satisfaction with 
Indoor Environmental Quality in Assisted Living Facilities,” examined staff perceptions 
of the quality of their working environment, productivity and environmental 
sustainability.  The quantitative study used a correlational strategy to assess the 
relationship between multiple components of the indoor environmental quality of the 
workspace by using an Assisted Living Facility (ALF) Staff Indoor Environmental 
Quality (IEQ) Survey. 
The ALF IEQ survey contained 11 sections, 6 of which evaluated the physical 
environment according to workspace layout, thermal comfort, indoor air quality (IAQ), 
lighting and views, acoustic quality, and cleanliness and maintenance (Zuo & Malone 
Beach, 2017).  The 94 staff responses to the survey were analyzed using Spearman’s 
rank-order correlation coefficient test, and the Mann-Whitney U test was used to analyze 
respondents’ satisfaction in the 6 IEQ categories.  The study reported that young and 
middle-aged staff were more dissatisfied than older staff with thermal comfort and 
disruptive noises.  Overall, staff perceptions of productivity were associated with 
adequate lighting in both patient and staff working areas.  Perceived cleanliness also had 
a significant relationship with rated productivity.  All staff demographics appeared 




Dianat et al. explored the relationship between occupational health, job 
performance, and lighting in the 2013 study, “Objective and subjective assessments of 
lighting in a hospital setting: Implications for health, safety, and performance.”  The 
study used a quantitative, correlational strategy to assess 208 hospital staff on their rated 
satisfaction with their workplace, how lighting affected job performance; how lighting 
affected staff safety; and how lighting affected staff health.  The hospital was sampled in 
multiple departments and settings, and the lighting conditions were objectively assessed 
as having ‘met’ or ‘not met’ the light levels by code, types of lighting, and the presence 
of any lighting disturbances, such as glare or flickering lights. 
The analysis of the findings was performed using non-parametric Friedman tests 
to assess categorical differences of lighting, and Spearman’s coefficient tests were used 
to assess patterns between the variables.  The results of the study indicated a significant 
relationship with staff perceptions of their workspace and areas that did not meet lighting 
levels by code.  Lighting levels were related to staff altering their work positions and 
postures, fatigue, as well as self-assessments of job performance. 
Additonally, Dianat et al. (2013) found the hospital staff was dissatisfied with 
workplace lighting conditions.  Objective measures of the lighting conditions throughout 
the hospital found many areas failed to meet code-required light levels.  Not surprisingly, 
a significant number of staff reported inadequate lighting hindered their ability to perform 
their job.  Staff even reported inadequate lighting led to altered methods of task 




In the 2006 study by Matern et al., “Working Conditions and Safety in the 
Operating Room,” German surgeons and nurses were surveyed during a professional 
conference on their concerns about the working conditions in surgical areas.  The study 
used a correlational research strategy using a survey data collection method.  The surveys 
were administered to 425 surgeons and 190 operating room nurses.  The outcomes 
measured were the: concerns for patients; staff composition and training; organizational 
procedures; and economic efficiency.  The aspects of the operating room environment 
that were surveyed were: utilization of space; indoor air quality (IAQ); operating room 
tables; operating room monitors; operating room lighting; operating room apparatus; 
instruments; and desires for improvement. 
The findings of the study reported high levels of response with concerns about 
organizational procedures and economic efficiency, citing poor layouts, inadequate 
staffing and equipment shortages as contributing factors (Matern et al., 2006).  Areas of 
desired improvement centered on environmental conditions: daylight and view with 84% 
surgeons, 92% nurses; improved air condition with 40% surgeons, 44% nurses; and 
improved lighting with 67% surgeons, 40% nurses.  The limitations of the study were that 
the survey population was of experienced surgeons and nurses at a professional 
conference with low representation from novice surgical team members. 
4.1.3.3. Strengths & Limitations 
The strengths of Non-Experimental strategies lie in its ability to assess multiple 




correlations in the data between variables; some of these patterns may have been 
suspected, or some may be deduced using correlational design as an exploration. 
Non-experimental correlation of variables is useful if the researcher has little or 
no control over the independent variables and is using naturalistic or opportunistic 
research designs to attain a comparison between two different settings or conditions of 
the treatment variable. 
A limitation of the non-experimental design is the lack of control over an 
independent variable.  This lack of control introduces internal validity concerns and 
allows for alternate explanations of the mechanisms that caused the dependent variables 
to change.  Because of these considerations, non-experimental studies have a lessened 
level of causal inference.   
The strength of Non-Experimental research is its utility when the manipulation of 
variables is infeasible because of ethical or logistical reasons.  The strategy supports the 
study of variables in context, or their natural state, and therefore avoids any ethical or 
moral decisions on the part of the researcher regarding controls for variables. 
It is useful to study multiple variables in the same statistical model and compare 
the strength of relationships between various variables.  It is possible to assess both the 
prevalence and incidence of variables amongst the sample, depending on the research 
design of the study. 
The main limitation of Non-Experimental research is the inability of the 
researcher to manipulate or control the variables.  It is because of the lack of control over 




causality…” (Groat & Wang, 2002).  A Non-Experimental strategy is less suitable for 
exploring a research topic in-depth than a Qualitative strategy because decisions for 
which data to collect and analyze are made before collecting the data.  The variables 
measured are prescribed by the hypothesis of the researcher, and alternative hypotheses 
may be overlooked.  It should be understood that a certain level of understanding of the 
topic is possessed before pursuing a Non-Experimental strategy to measure the suspected 
variables. 
4.1.4. Quasi-Experimental Strategy 
4.1.4.1. The Description of the Research Strategy 
Quasi-experimental Strategies are similar to the design of experimental strategies 
but without randomized treatment assignment.  One of the characteristics of a quasi-
experimental study is the investigation of a complex set of conditions ‘in-context’ and not 
necessarily in a controlled laboratory setting or an altered task simulation. 
Quasi-experimental research strategies are mostly used when randomization of an 
‘intervention’ or ‘treatment’ is infeasible for whatever reason.  However, the testing of 
the variable is performed by the manipulation of the variable by the researcher.  This 
control of the independent variable (IV) by the researcher is what significantly increases 
the ability to deduce cause and effect relationships or provide causal inference, in the 
findings of an experimental study.  The lack of randomization in the assignment of 
treatment conditions, or the independent variables (IV), lessens the ability of quasi-




quasi-experimental study to the potential for alternative explanations, such as a 
population group response to a specific treatment. 
According to Cook & Campbell, there are three types of Quasi-Experimental 
strategies: Nonequivalent Control Group, Interrupted Time-Series, and Passive 
Observation (1979).  Cook & Campbell’s ‘Passive Observation’ is shown under the prior 
section referred to as Non-Experimental strategies, separate from Quasi-Experimental 
strategies. 
Clinical research considers the Randomized Clinical Trial as synonymous with 
Experimental strategy.  A type of Alternate Clinical Trial, known as Non-Randomized 
Clinical Trials, is compatible with Quasi-Experimental strategy (Hulley et al., 2013).  
According to Hulley et al., the types of Non-Randomized Clinical Trials are: Between 
Group; Within Group (same as Interrupted Time-Series); and Crossover Designs. 
One sub-type of Within Group design is the Single Case Research Design, which 
is a variation of the Interrupted Time Series type of Quasi-Experimentation (Kazdin, 
2011).  It is often referred to as a single case experimental design (SCED) (Smith, 2012), 
but is also called ‘N+1’ research design.  The SCED has been used extensively in 
behavioral and psychological research, and studies with subjects from minimal 
populations, such as rare medical conditions or developmental disorders.  The name, 
‘single case’ can sometimes be a misnomer as the SCED research design may have more 
than a single participant.  The design, using time-series methods, use the participant as 
both the treatment and control group, whereby many of the individual differences are 




measures over time of the same individual.  The time-series methods can address threats 
to validity by establishing baselines for the participant against which the treatment 
condition measures are compared. 
4.1.4.2. Examples of Quasi-Experimental, In-Context Studies 
In the study by Zadeh et al. (2014), “The impact of windows and daylight on 
acute-care nurses’ physiological, psychological, and behavioral health,” nurses in two 
wards with differing environmental conditions, specific to access to daylight, were 
compared.  The Quasi-experimental, non-equivalent groups crossover study design was 
used to compare the nursing staff in contrasting ward conditions.  The two nursing wards 
had similar layouts with differences in the nursing stations’ access to daylight, one with 
and the other station without windows. 
The study by Zadeh et al. (2014), measured the nurses’ physiological responses 
and subjective mood scales and observed social behaviors on an hourly basis throughout 
each nurses’ shift in their wards.  The nurses were sampled in each of the ward 
conditions, and their measures were paired between the comparison groups during data 
analysis.  A researcher shadowed nursing staff and performed a light meter measure 
every five minutes to control for illumination levels.  
The data were analyzed using paired tests to compare the data in each of the 
wards and controlling for individual differences.  The findings showed that the mean 
arterial pressure (MAP) significantly decreased in the windowed condition versus the 
windowless ward.  The lighting levels were essentially the same in each of the nursing 




ward and decreased measures of sleepiness and mood.  The nursing staff in the two 
contrasting wards demonstrated significant differences in staff fatigue and stress levels.  
The study also performed a retrospective review of medication error rates between the 
wards and found that there was a difference, although it was not statistically significant. 
The 1992 study by Jezova et al., “Professional Stress in Surgeons and Artists as 
Assessed by Salivary Cortisol,” cortisol, a stress hormone, was used to assess the 
occupational stress levels of surgeons and musicians in the performance of their 
respective jobs.  The daily circadian rhythm of cortisol level of eleven office-based 
workers was collected to provide a comparison group that was neither surgeons nor 
musicians.   
On non-workdays, saliva measures were taken several times throughout the day to 
measure surgeons’ cortisol levels.  This created a baseline of cortisol levels that the 
surgical work-day measures could be compared.  The surgeon cortisol work-day 
measures were performed at 0700hrs, then immediately before first surgical incision, 15 
minutes after incision, and 45 minutes after incision.  The surgeon self-reported the 
anticipated difficulty of the surgical procedure before the incision.    Musicians cortisol 
levels were collected similarly, however, arranged around their evening performances, 
immediately before, during intermission, and shortly after the orchestra performances. 
The findings of the Jezova et al. (1992) study showed that the daily rhythm of 
surgeons’ cortisol decreased from 0700hrs to 1000hrs for surgeons, on workdays 
compared to non-workdays.  Surgeon Cortisol levels on working days were significantly 




with the surgeon self-reports of the anticipatory difficulty of a procedure.  There was 
shown to be no significant difference between novice and senior surgeon, as related to 
stress.  Musicians did not exhibit the same differences in cortisol level changes from 
leisure to work-day comparisons, and only the soloists were shown to exhibit a 
significant difference in their cortisol level as it related to their solo performance timing.  
A limitation of this study was the lack of subjective reports of stress to compare to the 
physiological cortisol measures. 
In the 2001 study by Böhm et al., “A prospective randomized trial on heart rate 
variability of the surgical team during laparoscopic and conventional sigmoid resection,” 
the levels of surgeon stress endured in conventional versus laparoscopic surgery was 
tested.  The study used a Quasi-Experimental, Single Case Experimental Design (SCED) 
to study surgeon stress.  The SCED is a variation of the interrupted time series type of 
Quasi-experiments that uses the research subjects as their controls by comparing baseline 
data with data measures after treatment.  The study had a sample size of two surgeons 
that each performed five conventional and five laparoscopic sigmoid resection procedures 
(total of 20 procedures for the study). 
The Böhm et al. study measured surgeon physiological stress by a continuously 
monitored electrocardiogram which allowed the following metrics of Heart Rate 
Variability (HRV): heart rate (HR), low frequency (LF), high frequency (HF), and the 
LF/HF ratio (2001).  Differences in HRV metrics by surgeon experience level were 
expected between the two procedure techniques.  The study used block randomization to 




surgeon.  The results found that both the lead and novice surgeon roles had significant 
increases in LF, HF, and LF/HF during laparoscopic procedures.   
4.1.4.3. Strengths & Limitations 
A strength of the Quasi-Experimental approach is its ability to study surgeon 
stress in-context, which is essential when studying complex situations that have causal 
interactions between multiple variables.  Stress in surgeons is a complicated phenomenon 
that is influenced by multiple individual factors.  A strength of the quasi-experimental, 
SCED design is that it removes the effects of individual factors on measures of stress, as 
subjects’ data serve as controls for treatment data. 
A limitation of the Quasi-Experimental strategy is that sample sizes, and 
randomization of treatment assignment are limited, which may introduce other aspects of 
confounding variables.  The study design has limited ability to implement masking or 
blinding procedures.  Instead, control measures are put in place to isolate the independent 
variable when participants understand the conditions being tested. 
4.1.5. Experimental Strategy 
4.1.5.1. The Description of the Research Strategy 
Experimental Strategies are research designs that seek to provide evidence of a 
cause and effect type of relationship between variables.  The variable being tested is 
referred to as the independent variable (IV), or predictor variable.  The IV is what is 
manipulated by the researcher in the conduct of the experimental study.  The dependent 
variables (DV), or outcome variables, are the variables being monitored and recorded as 




be considered Experimental designs.  Randomization is the random assignment of 
research participants to each treatment, or IV, which controls for unknown influential 
factors that may provide an alternative explanation for the relationship between the 
predictor and outcome variables. 
The experimental strategy is often employed using simulated tasks or settings to 
achieve the levels of researcher control over the random assignment of the IV.  Most 
experiments are performed outside of ‘in-context’ or real-world settings, especially in the 
study of complex, sophisticated situations that have many factors at play.  The threats to 
validity by performing a study in a complex setting can be significant and present barriers 
to implementation of true experimental design.  Due to these types of reasons, 
experimental research often employs simulation to approximate the studied conditions 
and to exercise researcher control over the confounding variables. 
4.1.5.2. Examples of Experimental Studies 
In the study by Gray, Kesten, Hurst & Anderko (2012), “Using clinical simulation 
centers to test design interventions: A pilot study of lighting and color modifications,” a 
clinical simulation center was used to test color and lighting treatments of the clinical 
environment (2012).  The study used an experimental strategy with a pretest/posttest 
study design that collected measures from 10 graduate nursing students and used 
randomized assignment to specify which graduate students would experience which 
environmental treatment.  The two phases of the study first randomly divided the ten 
students into two groups of five, which each performed clinical tasks in similar type 




continued to perform clinical tasks in each space.  The subjects’ measures of stress, 
satisfaction, and comfort with the room features were measured in each condition. 
The physical design features that were altered in the treatment condition were the 
use of spatial color patterning, or horizontal bands of color, which were used to facilitate 
equipment location within the space, and the use of full-spectrum lighting to simulate 
daylight (Gray et al., 2012).  The data collected was analyzed using matched pair 
methods, which compared the students’ measures in the baseline, first phase condition to 
the treatment and control conditions of the second phase.  The findings showed that the 
environmental modifications were associated with decreased stress measures, but no 
differences in comfort or design satisfaction with the users. 
In a 2001 study by Berguer, Smith & Chung,” Performing laparoscopic surgery is 
significantly more stressful for the surgeon than open surgery,” the simulated 
environment of the operating room was used at a surgeon conference to assess 
differences in how open versus laparoscopic surgery influenced surgeon stress.  The 
experimental design used a surgical ergonomic workstation and tested 28 volunteer 
surgeons on three tasks: resting position, open surgery knot tying task, and laparo- 
procedure knot-tying task.  The surgeons’ measures of stress were collected using skin 
conductance level (SCL); electrooculogram (EOG); and subjective points of 
concentration (CON). 
The analysis of the findings was performed using nonparametric methods to 
assess the variance of medians of the points of data for each of the tasks.  Two-sided 




each task using each surgeon as their own control.  The results demonstrated that 
laparoscopic was more stressful than open surgery for surgeons.  The study was limited 
by the lack of randomization of the treatment assignment to the subjects.  Also, the 
population was entirely volunteered at a conference which may have influenced the 
outcomes by self-selection, and the experiment was performed in a conference setting 
and not a controlled laboratory environment without distractions. 
4.1.5.3. Strengths & Limitations 
The strength of the Experimental strategy is the isolation of the IV, the random 
assignment of treatment, and its ability to achieve a high causal inference in the findings, 
with appropriate study design.  The random assignment offers the ability to control for 
factors that may influence the outcome of the experiment, both factors that are known 
and those that are unknown.  By using a truly randomized method of assignment, there is 
a low statistical chance that other factors would be able to continue to influence the 
outcome of the experiment. 
The limitations of many Experimental research designs are the lack of real-world 
phenomena and factors that occur in a context which are not adequately represented in a 
controlled laboratory setting.  An experimental study using simulated tasks or settings 
may be so abstract that the study design is not representative of the actual object of study.  
Experimental design of a variable is useful when there is an existing base of evidence that 
strongly supports the relationship of a predictor variable to a specific outcome variable.  
The Experimental design is not useful; however, if there are multiple factors at play and 




studies of a broader design.  A limitation of an Experimental study is in its ability to 
generalize what is determined in the findings to a real-world setting.  In this particular 
realm of research, it is possible that surgeons are aware that the environment is simulated 
and therefore, do not react with the same levels of stress as they would with real patient 
consequences. 
4.1.6. Comparative Analysis of Research Strategies and Measures  
4.1.6.1. Methodological Comparisons of Surgeon Mental Stress and 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.1.6.2. Development of a Workspace Stress Index 
A workspace can be evaluated to determine whether it is contributing to the 
occupational stress by using the same measures currently in use in other studies of 
occupational health.  Many occupational health studies are performed in naturalistic 
environments, as opposed to simulations, where the complexity of stress is not 
representative of real-world situations.  Performing research in real-world settings creates 
limitations on the types of measures selected (Arora et al., 2009b; Seemann, 2016).  
Occupational stress has been studied in any settings using measures that are derived from 
the larger body of stress research.  Mental workload and mental stress are categorized by 
performance, physiological, and subjective measures (Tsang & Vidulich, 2012).  
Considerations for selection of measures are validity, or how well the measure represents 
the body’s responses to stress; reliability, or how much does the measure vary under 
different conditions; and sources of error, or confounding variables that are present with 
certain study conditions (Cook & Campbell, 1979). 
A workspace stress index was used to investigate the influence of windows on the 
mental stress of surgeons in operating rooms.  The measures of stress in the index were 
the six-item State Trait Anxiety Inventory questionnaire (STAI-6), the high frequency 
(HF) power component of heart rate variability, and salivary cortisol.  The application of 
each of these measures in a surgical setting is described as well as supporting evidence of 
validity and reliability.  Additionally, alternative measures of stress are discussed for their 





Several researchers have encouraged the use of subjective measures of surgeon 
stress in future research (Arora et al., 2010b; Seemann, 2016; Jones, Amawi, Bhalla, 
Peacock, Williams & Lund, 2015).  Arora et al. went as far as to advocate for the 
standardization of the selected subjective measure, the short, six-item version of the State 
Trait Anxiety Inventory (STAI), to increase the ability to perform meta-analyses of 
multiple studies (2010b).   
The emotional dimension of stress includes modification to a surgeon’s 
perception and social behaviors.  The measure used in this study was the validated six-
item STAI-6, a composite scored measure of the momentary or ‘state’ of anxiety.  In the 
development of the STAI-6, the reliability coefficient was found to be 0.82, as compared 
to 0.91 for the full STAI questionnaire (Marteau & Bekker, 1992).  The STAI-6 measure 
will support the discussion in the findings of the level of stress incurred by the surgeon; 
however, this measure will not allow the findings to discuss degraded performance. 
Possible sources of error in the use of the STAI-6 relate to individual differences 
and subject bias.  Surgeon participants were not deceived about the window treatment 
because of the professional liabilities involved.    
Studies of mental workload and stress have shown the correlation between the 
mental stress and the body’s cardiovascular response (Jorna, 1992; Berntson et al., 1997; 
Thayer, Åhs, Fredrikson, Sollers, & Wager, 2012).  One of the metrics used to describe 
the different cardiovascular responses is heart rate variability (HRV). HRV is a measure 




are associated with younger populations, physical activity, and health; lower measures of 
HRV are considered a marker of disease. 
The intervals between beats of the heart vary because of a balancing act 
between two parts of the Autonomic Nervous System (ANS), the sympathetic and the 
parasympathetic.  The ANS is the part of the peripheral nervous system that controls 
involuntary responses and smooth muscle controls (Berntson et al., 1997).  The 
Parasympathetic Nervous System (PNS) is in control of the ‘rest and digest’ functions of 
the body.  The Sympathetic Nervous System (SNS) is in control of preparing the body for 
a heightened response or the ‘fight or flight’ functions.  During high SNS activity, normal 
PNS activity is interrupted.  The SNS system activity is what is understood to be a 
measure of stress, while PNS system activity is a measure of restoration.  Not all stress is 
a bad thing; for the exercise of the sympathetic and parasympathetic systems is a normal 
function to vary between each system’s activity.  Prolonged sympathetic system 
activation leads to the delay of the parasympathetic system’s ‘rest and digest’ functions 
and lower general health measures (Jorna, 1992). 
Differences in heart rate variability are dependent on parasympathetic and 
sympathetic activity, which alter how the heart behaves.  Heart rate intervals are 
measured by their frequency, and within the HRV literature two frequency ranges are 
described of low frequency (LF) from 0.1 to 0.14 Hz and high frequency (HF) from 0.15 
to 0.50 Hz (Berntson et al., 1997; Thayer et al., 2012).  HF activity has been shown to be 
an accurate measure of parasympathetic activity and related to respiratory sinus 




sympathetic and parasympathetic systems activity and has been described as an 
unreliable measure when used alone (Berntson et al., 1997; Thayer et al., 2012). 
The HF component of HRV is selected as part of an index of workspace stress.  
HRV and specifically the HF component has been utilized successfully in multiple 
studies of surgeon stress (Amirian, Andersen, Rosenberg, & Gögenur, 2014; Böhm et al., 
2001; Demitras et al., 2004; Heemskerk et al., 2014).  A potential source of experimental 
error when using cardiovascular proxies of mental stress is the influence of physical 
activity on heart rate measures.  Simple heart rate measures are the most susceptible to 
elevated physical activity and are a reason why HRV measures were considered due to 
their decreased influence from physical activity (Thayer et al., 2012).  Additional control 
for confounding effects from differences in physical activity is the selection of similar 
surgical procedures to be observed, as well as the exclusion of exploratory surgical 
procedures which may vary widely in activity between cases (Tsang & Vidulich, 2012). 
The use of cortisol is proposed as a measure of surgeon stress in the surgical 
environment.  Many occupational health studies have used cortisol as a measure of stress 
and job strain in various professions (Arora et al., 2009b; Jezova et al., 1992; Rocha, 
Martino, Grassi-Kassisse & Souza, 2013; Pruessner, Hellhammer & Kirschbaum, 1999; 
Karhula et al., 2015; Valentin et al., 2015). Cortisol is a stress hormone that is an 
indicator of the Hypothalamic-Pituitary-Adrenal (HPA) axis of the endocrine system of 
the human body.  As discussed with the cardiovascular system, the endocrine system also 
receives signals from the autonomic nervous system, and its branches the sympathetic 




elder stress was able to demonstrate an association using cortisol instruments (Rodiek, 
2002).   
Cortisol is a stress hormone that is produced by the human body in a daily cycle 
that is related to the time of awakening.  In Figure 4.1: Population Daily Cortisol Profiles 
(www.ilb-international.com, 2019), the average and ranges of typical population cortisol 
levels are shown throughout a typical day scaled off time from awakening.  The body’s 
normal cortisol cycle produces in high levels soon after awakening, and normal cortisol 
levels taper off by late morning with a smaller peak in the early afternoon (Looser et al., 
2010).  Studies have shown that cortisol is a measure sensitive to stress, to include work-
related stress in surgical environments (Jezova et al., 1992; Rocha et al., 2013).  Elevated 
cortisol levels are a delayed indication of increased HPA axis activity and are present in 
body fluids approximately 20 minutes after the stressor event.   
 
 




Cortisol specimens collected by saliva specimen are considered non-invasive, as 
long as there are no salivary stimulants.  The daily cycle of cortisol is a source of errors 
when conducting an experiment.  Comparisons of cortisol levels during different times of 
the day, when assuming all other conditions are the same, would still yield different 
results.  Several strategies were used to control for the differences in times of collection.  
The study design paired each subject’s data so that comparisons are for the same daily 
cycle.  Specimens were collected during a non-workday to understand the daily cortisol 
curve for each subject (Looser et al., 2010).  Finally, population cortisol production data 
was used to correct for differences in time of collection.   
Measures using urine were an alternative considered to saliva collection.  While 
urine collection measures have been used in other studies of surgeon stress, there have 
not been many (Yamamoto, Hara, Kikuchi, Hara & Fujiwara, 1999).  Urine has been 
considered to be more accurate than saliva in several studies.  However, this type of 
measure was avoided in this study because of the intrusiveness of specimen collection 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.2. Surgeon Mental Stress and The Influence of Nature & Daylight on Stress 
Literature 
Studies of surgeon stress are few, with only 22 identified in a 2010 literature 
review of the research area (Arora et al., 2010b).  Additional studies have occurred in the 
last few years; however, the majority of the studies have a pattern of experimental study 
design and the use of physiological measures of stress (Berguer, Smith & Chung, 2001; 
Berguer, Chen & Smith, 2003; Böhm et al., 2001; Demirtas et al., 2004; Jezova et al., 
1992; Moorthy, Munz, Dosis, Bann & Darzi, 2003; Yamamoto et al., 1999).  Conversely, 
occupational stress studies, in settings other than surgical, have been prone to use 
correlational or nonexperimental study designs and subjective measures of stress (Largo-
Wight et al., 2011; Heschong, et al., 2002; Zuo & Malone Beach, 2017; Dianat et al., 
2013; Matern et al., 2006; Kaplan, 1993; Leather et al., 2008; Alimoglu & Donmez, 
2004; Verderber, 1986). 
4.2.1. Surgeon Mental Stress  
The investigation of the effect of a specific workplace condition requires an 
understanding of other occupational stress study designs.  When studying a workplace 
with unique characteristics, such as the operating room, it is particularly useful to 
consider prior studies in that setting. 
Stress is “…the bodily processes that result from circumstances that place 
physical or psychologic demands on an individual (Arora et al., 2010b).”  Within the 
body of stress literature, there is an area specific to occupational stress.  According to 




critical that negative impacts are seen in the system.  Of the mental and physical 
categories of surgeon stressors, physical causes have been the most extensively studied 
(Arora et al., 2010b).  Much of the research focus in the surgical environment has been 
on physical or ergonomic aspects of surgical tasks; however, as the complexity of the 
operating room environment increases there is concern about the impact of ‘psychologic 
demands’ or mental workload (Arora et al., 2010b). 
Workplace influenced occupational stress has been frequently studied in general 
occupational settings.  Specialized work settings that support unique occupational 
functions contribute to stress in ways that are understudied.  Attributes of unique task 
demands have frequently been the focus of past studies; while specialized occupational 
studies have rarely included workplace features in the study scope. 
The research literature indicates workplace conditions have a significant influence 
on occupational stress, but more empirical research is required to provide a better 
understanding of how it influences specific occupations (Kaplan, 1993; Heerwagen et al., 
1998).  The term ‘work environment’ is a term used to encompass a broad range of 
psychological, job demand, and social aspects of the workplace (Vischer, 2007).  The 
study of workspace stress seeks to isolate the other elements of the workplace in its 
design to determine how supportive the workspace is for the occupation (Vischer, 2007). 
The studies of access to views and daylight in healthcare and other workplaces 
have theorized that such access will decrease workplace stress and provide a restorative 
effect on staff mental stress.  Workspace influenced stress is more easily studied in some 




office environments are common because of the low risks to participants involved in 
research in this setting.  On the other hand, few surgical stress studies have been 
conducted due to the heightened risks of research in this setting.  Also, surgeons are 
hesitant to admit the influence of job stress on their performance, as compared to other 
high-pressure occupations (Sexton et al., 2000).  Although, current research indicates 
surgeon mental stress has a significant impact on surgeon health and surgical outcomes 
(Arora et al., 2010b), the contribution of workspace conditions to surgeon mental stress 
has not been considered in prior studies. 
According to Arora et al. (2010b), the literature on surgeon stress (mental and 
physical workload) is weighted toward physical (e.g., ergonomic) factors of surgical 
activity; little has been done with mental workload.  Arora et al. identified only 22 
articles as of 2010 that performed an empirical study of surgeon mental stress. 
In a review of the literature, which included Arora et al.’s (2010b) review and 
additional studies performed since the original review, there has been little attention paid 
to environmental conditions in the studies.  Almost none of the literature discusses 
conditions of the surgical environment as a factor contributing to stress in the surgical 
environment; the only exceptions are studies on operating room noise. 
This gap in the literature is in spite of several studies that have shown that the 
surgical environment is a significant source of occupational stress (Matern et al., 2006; 
Kang et al., 2015).  Matern et al. (2006) surveyed surgeons and surgical nurses for their 




environment.  One of the most highly sought-after features in the surgical environment 
was access to daylight and exterior view. 
When Kang et al. (2015) surveyed Korean Surgeons and compared their 
responses to other occupations, using the Korean occupational stress scale (KOSS), the 
‘Physical Environment’ dimension had the largest disparity among all dimensions and 
was the second-highest contributor to the surgeon KOSS score.  The surgical 
environment is a significant source of occupational stress and deserves to be studied for 
its potential for remedy. 
The majority of the studies of surgeon stress followed the medical research 
tradition emphasizing experimental research approaches.  The identified studies of 
surgeon stress were predominantly focused on task demands to either understand the 
variations of stress throughout phases of a surgical procedure or comparative assessments 
of different procedure types. 
4.2.2. The Influence of Nature & Daylight on Stress  
The literature review did not uncover any surgeon stress studies that described the 
operating room workspace as a contributing factor, except Moorthy’s 2006 study, which 
included an acoustic factor.  One study not included in the review by Arora et al. (2010b) 
was the study by Matern et al. that described a significant level of surgeon and surgical 
nurse dissatisfaction with the operating room environment itself (2006).  A subsequent 
study by Kang et al. (2015), used a validated occupational stress scale with a physical 




professions in the contribution of the physical environment to their overall occupational 
stress. 
Lack of access to daylight and views of nature by staff in the workplace have 
been linked to occupational stress in several studies.  The ability of staff to have access to 
daylight and views of nature is mostly from working in windowed environments. 
However, studies have represented the amounts of access to daylight and nature by 
measuring light levels or by assessing the amounts of nature exposure in the workplace.  
Decreased occupational stress and improved measures of health have been associated 
with higher levels of access to daylight and nature in the workplace.  But most studies 
that include a nature variable have failed to define it and are simply describing the 
presence of a window with a view to the outside. 
Access to daylight in the workplace and educational settings has been associated 
with higher occupant performance.  The ability of the occupants to access daylight as a 
regular aspect of their working environment throughout their day is an important way to 
provide stimulation to the human circadian system.  In environments without access to 
daylight, occupants reported additional stress and dissatisfaction, as well as a higher 
incidence of workplace errors and overall diminished levels of performance.  Several 
studies have described access to daylight as a component of the research setting, yet these 
studies did not have a measure of light or some other method to control variation in the 
study design. 
Access to daylight and views are linked to a decrease in occupational stress and 




environmental component examine nursing wards and long-term patient care areas.  
There are no studies in the surgical environment that consider access to daylight and 






5. RESEARCH DESIGN & METHODS: QUASI-EXPERIMENT TO 
INVESTIGATE THE INFLUENCE OF WINDOW VIEW AND DAYLIGHT 
ON SURGEONS’ MENTAL STRESS 
 
5.1. Research Objectives and Questions 
The operating room is a sophisticated working environment where healthcare 
professionals perform surgical procedures where there can be detrimental, life or death, 
consequences.  The surgical environment is complex, with many opportunities for error.  
Surgeons endure a tremendous amount of mental stress and mental fatigue due to surgical 
task demands; however, there has been little research on the surgical environment's 
contribution to mental stress.  The operating room environment has developed into an 
environmentally controlled box.  Ongoing research in healthcare and other workplace 
environments has shown a relationship between access to daylight and nature, and lower 
occupational stress in the workplace.   In parts of Europe, there is a requirement for the 
use of windows in operating rooms, and in the United States, there are a growing number 
of windowed operating rooms.  This study addressed the following question. 
 





5.2. Study Design 
A quasi-experimental research strategy was used to evaluate the influence of 
windows within an operating room environment on surgeons’ mental stress.  The type of 
quasi-experiment utilized was an equivalent time samples design (Cook & Campbell, 
1979), also called a reversal time-series design (Leedy & Ormrod, 2010), single-case 
research design, reversal (Kazdin, 2010), or in clinical research a case-crossover design 
(Hulley et al., 2013).  This type of study design collects measures on a single group under 
both treatment and control conditions, allowing subject non-treatment data to serve as 
controls for experimental treatment data.   
In the study setting, the treatment condition was an operating room with window 
access, and the control condition was an operating room without window access.  The 
treatment variables were the exterior view and daylight in the operating room.  Selected 
surgeons performed surgical procedures in both the treatment and control conditions and 
the stress measures collected were compared to determine the treatment effect on surgeon 






Figure 5.1: Diagram of Study Design and Comparison of Window Conditions 
 
5.3. Conceptualization of the Study 
An individual’s attentional capacity, task demands, and conditions tasks are 
performed under determine mental workload and mental stress (Tsang & Vidulich, 2012).  
Figure 5.2: Conceptualization of the Study of the Influence of Window Conditions on 
Surgeon Stress, depicts the framework of this study.  Control, treatment, and outcome 
variables are shown respectively as the individual and task demand factors, window 







Figure 5.2: Conceptualization of the Study of the Influence of Window Conditions on 
Surgeon Stress 
 
5.3.1. (Control) Controlling for Confounding Individual Factors and Task 
Demands  
The study design controlled for multiple individual factors or characteristics that 
have confounding influences on surgeon stress.  Experienced surgeons may have better 
stress coping mechanisms; other surgeons may experience stress differently because of 
age, gender, or fitness level.  Undoubtedly, many other factors contribute to individual 
differences between surgeons.  This research design controlled for effects from individual 
factors by comparing the same surgeon’s stress measures under both treatment and 
control conditions.  This type of comparison negates the impact of the individual on the 
measures of stress. 
The influences of task demand differences, due to different procedure 
complexities, were controlled by pairing observations by procedure types, in addition to 




from the same surgeon performing the same surgical procedure type under both window 
conditions.  
5.3.2. (Treatment) Windowed Vs. Windowless Operating Room Conditions 
The experimental treatment was the presence of an exterior-facing window in the 
selected operating rooms, and the control condition was the absence of a window or a 
window with shading closed.  An exterior-facing window provided the surgeon with 
access to a view to the outside and daylight.  The treatment variables in the study were 
access to exterior view and daylight.  The treatment variable condition was controlled by 
using operating rooms with windows for the treatment condition, and operating rooms 
with window shading closed or without windows for the control condition.  All 
experimental treatment observations had a consistent exterior view.      
The level of daylight was measured continuously throughout the observed 
procedures.  During each observed procedure, lighting data was captured in 10-second 
intervals using a data-logging light meter.  In addition to light meter data, the researcher 
recorded the time of any lighting setting changes during each observation.   
The selection of a research site with an operating room layout and surgical 
workload to allow the planned study design controlled the influence of workspace 
conditions.  The study utilized similar operating rooms with researcher control over the 
experimental treatment. The observations were paired using selected operating rooms 
with similar layouts to control for any influence from a variation in the work 
environment.  The selected operating rooms had comparable sizes, dimensions, 




5.3.3. (Outcome) Measures of Surgeon Mental Stress 
The dimensions of mental stress correspond to the subjective, performance, and 
physiological measures of surgeon mental workload and mental stress (Carswell, Clarke 
& Seales, 2005).  Measures were selected for their low intrusiveness and reliability to 
create a workspace stress index. 
The primary subjective measure used in this study was the State-Trait Anxiety 
Inventory-Six questionnaire (STAI-6), a validated measure of momentary anxiety 
(Marteau & Bekker, 1992).  The STAI-6 is a shortened six-item version of the full 30-
item STAI questionnaire.  Past studies used the STAI-6 instrument as a subjective 
measure of surgeon mental stress (Arora et al., 2010a; Jones et al., 2014; Wheelock et al., 
2015; Seemann, 2016)   
A second subjective measure of surgeon mental stress was collected from each 
surgeon (Christakis, Pagkratis, Varvogli, Darviri & Chroussos, 2012).  The ten-item, 
Perceived Stress Scale (PSS-10) and other open-ended stress-related questions were 
collected to understand each surgeon’s general level of stress and significant life 
stressors.  The PSS-10 is an instrument that measures a respondent’s reported responses 
to stresses over the last month.   
The ability to truly focus on surgeon performance and error rates in an actual 
surgical setting presented both feasibility and ethical concerns.  For each observed 
surgical procedure, the duration of each surgical phase and overall procedure duration 




phases of each observed surgical procedure.  The duration of each surgical phase was 
measured in minutes.   
The physiological measures of stress collected were high-frequency power (HF) 
heart rate interval data and salivary cortisol.  These two measures were selected because 
of their supporting evidence as measures of mental stress and their connections to other 
measures of general health.  Each measure has its limitations, but findings can be 
reinforced by using and overlapping two physiological measures (Arora et al., 2010).  
“Saliva samples were collected using…” a proprietary swab “… (exclusively 
from Salimetrics, State College, PA).”  The SalivaBio Oral Swab is a “…synthetic swab 
specifically designed to improve volume collection and increase participant compliance 
and validated for use with salivary cortisol” (salimetrics.com). 
5.4. Research Protocol 
For the full study, the researcher collected measures from surgeons outside of the 
surgical environment, and repeated measures from each surgeon within the operating 
room, as shown in Figure 5.3: Full Study Protocol.  The researcher observed surgeon 
participants while they performed selected surgical procedures.  The study protocol was 
repeated for every procedure included in the study.  The research design allowed for the 









5.4.1. Data Collection - Outside of the Operating Room 
Each recruited surgeon participant was surveyed to assess his or her levels of 
general stress to determine a baseline level of perceived stress.  The survey questions 
were the PSS-10 and additional, newly constructed open-ended questions related to 
stress.    In addition to the survey instruments, surgeons were asked to collect saliva 
specimens during a non-workday and return them to the researcher.  The exact 
instruments and participant instructions are shown in Appendix E. Full Study Protocol 
and Instruments. 
5.4.2. Before Each Observation - In the Operating Room 
The researcher met each surgeon as they arrived at the operating room for their 
scheduled procedure.  Nearby the scrub station, the researcher collected the saliva 
specimen and administered the STAI-6 questionnaire on a mobile device using Qualtrics 
mobile (Carswell et al., 2010).   
At the beginning of each observational day, the researcher provided each surgeon 
with a heart rate monitoring device.  The surgeons put on the heart rate strap before 
arriving at the operating room. 
5.4.3. During Each Observation - In the Operating Room 
During each observed procedure, the surgeon’s heart rate interval data were 
continuously recorded by the heart rate monitoring device.  The researcher used a data-
logging light meter to record the light levels at the windowsill location outside of the 
sterile surgical field.  The location of the continuous light level measure was investigated 




5.4.4. After Each Observation - Outside of the Operating Room 
After each observed procedure, the researcher repeated the collection of a saliva 
specimen and the STAI-6 questionnaire, and the heart rate monitor was retrieved from the 
surgeon. 
Due to the complexity of the instrumentation, a pilot study was performed to 
exercise the study protocol and ensure efficient researcher use of surgeons’ time.   
5.5. Description of the Case 
5.5.1. Selection of the Research Setting 
The location of the study was selected after an extensive search of hospitals that 
have windowed operating rooms.  The search was narrowed to U.S.-based hospitals due 
to concerns of the cost of the study, Institutional Review Board (IRB) challenges, the 
potential for cultural biases related to the research topic, and the limitations on 
generalizability to U.S. healthcare design that this would present.  The site was selected 
after an internet search for hospitals with windowed operating rooms, and numerous 
inquiries with professionals from the healthcare industry, healthcare design, and window 
manufacturers.  Few hospitals were identified because of the rarity of windowed 
operating rooms within the United States.  Representatives from potential sites were 
approached to determine interest in the research study, as well as any site-specific 
concerns to conducting at each location. 
An academic medical center located in the Northeastern United States was 
determined to meet the study requirements and was selected for the research study.  Two 




the surgical department have access to exterior windows within the surgical suite.  In 
Figure 5.4: Cardiac and Vascular Operating Rooms, operating rooms 1 and 2 (OR-1, OR-
2) were assessed as similar configurations utilized for the same types of Cardiac 
procedures.  Both are windowed operating rooms with blackout shades and can replicate 
both control and treatment conditions.  In between the two operating rooms is a shared 
heart-lung pump storage room.   
 
 





Operating rooms 3 and 4 (OR-3, OR-4) were assessed as similar configurations 
utilized for the same types of Vascular procedures.  OR-3 is a windowed operating room 
equipped with blackout shades and able to replicate both the treatment and control 
conditions.  OR-4 is a windowless operating room that is only able to replicate the control 
conditions. 
5.5.2. Surgical Specialties 
An assessment of six months of Cardiac and Vascular surgical workload revealed 
several high-volume procedure types and a potential number of surgeons for recruitment.  
The researcher identified 18 Cardiac and Vascular surgeons and surgeon residents that 
regularly perform procedures in the four operating rooms.  These four specialized 
operating rooms are used almost exclusively by two surgical services, Cardiac and 
Vascular.   
5.5.3. Documenting the Operating Room Environment 
The three windowed operating rooms are adjacent on the north-facing façade of 
the hospital.  They share a consistent mixed view of wooded mountains and roofline, as 
shown in Figure 5.5: Exterior View from Operating Room-1.  The windowed operating 
rooms are all equipped with blackout shading devices that can block all daylight entering 
the operating room.  The control conditions were performed with window shades in the 
windowed operating rooms (OR-1, OR-2, and OR-3) and a single windowless operating 
room (OR-4).  The control conditions are described as ‘windowless’ or ‘shade’ 
conditions interchangeably in this manuscript.  The artificial lighting fixtures for ambient 









Without patients or staff present, the lighting conditions at the exterior windowsill 
and the surgical table were measured using a light meter and documented.  The surgeon 
work area and windowsill locations were measured under the windowed and windowless 
conditions for the following lighting settings: all task lighting off, except ambient room 
lighting; ambient lighting and surgical task lighting on; and ambient, surgical task 
lighting, and surgeon headlamp on.  The changes in the light measurement at the 
windowsill location was used to approximate light level changes in the surgeon work area 
















5.5.4. Selected Surgical Procedure Types 
All surgical procedure types selected for observation were Cardiac and Vascular 
due to the specialized configuration of the windowed operating rooms.  Individual 
procedure types were selected in coordination with surgeon participants, with selection 
preference for procedures of higher volume and less procedural variation between cases.  
Observed surgical procedure types were coronary artery bypass procedures (CABG), 
carotid and femoral endarterectomies, mitral and aortic heart valve replacements, vein 
bypasses and grafts, and varicose vein phlebectomies.  Individual patient cases that were 
unscheduled or emergency procedures were not observed as part of this study.   
Overall, 53 surgical procedures were observed; however, only 28 procedures were 
able to be paired by surgeon and procedure type, as shown in Figure 5.6: Diagram of 
Paired Surgical Observations. 
 




5.5.5. Population Sample 
The researcher received site permission to recruit surgeon participants in the 
study.  Recruitment focused on surgeons who frequently performed procedures in the 
windowed operating rooms.  During the recruitment, there were a total of four Cardiac 
and 14 Vascular surgeons and surgeon trainees at the hospital.  Twelve surgeons were 
recruited to participate in the study, as shown in Figure 5.7: Number of Surgeons, by 
Experience Level and Gender.  There were twice as many senior attending surgeons as 
there were surgeon trainees; however, several of the attending surgeons worked in more 
than one hospital and were observed less than the surgeon trainees.   
 
 















The ages of each surgeon group by experience level are shown in Figure 5.8: 
Range and Average Surgeon Ages by Experience Level.  
 
 
Figure 5.8: Range and Average Surgeon Ages by Experience Level 
 
5.5.6. Ethical Considerations and Participant Protections 
Benefits and risks for surgeons to participate in the academic study were minimal.  
The surgeons who participated in the study were able to leave the study if they no longer 
wished to participate.  Surgeons were directed to deviate from the study protocol at any 
time if they believed there was a risk to a patient or a potential decrease in the quality of 
care.  While no information was collected from patients, nor were they required to 
provide informed consent for the study, patients were still required to be informed and 




Surgeon Consent Letter, includes a description of the study and the stated risks and 
benefits to the potential participants.   
The proposed study was approved by the Clemson University Institutional 
Review Board (IRB) with a Full-Committee review of the study and its required 
protection of human subjects.  The IRB approval is enclosed in Appendix B. IRB 
Approval Letter.  Also, enclosed in Appendix C. NIH Certificate of Confidentiality, this 
certificate, issued by the National Institute of Health (NIH), protects surgeon participants 
from the compelled release of their stress measures collected as part of this study.   
5.6. Data Analysis Plan 
In Table 5.1: Operationalized Measures of Surgeon Mental Stress, each of the 
control, treatment, and outcome variables of the operationalized study are described.  The 
information collected from each of the measures are then described as the data metrics 
that they will become.  Finally, the last column describes the method of analysis that will 
be performed for each of the data metrics to produce results.   
The measures of lighting levels during each of the procedures were analyzed 
using descriptive statistics.  The average light intensity in Lux for the overall procedure 














The STAI-6 questionnaire measures were collected from each surgeon under the 
treatment and control group conditions.  The STAI-6 questionnaire has six item responses 
that were calculated into a single composite score.  These STAI-6 scores were then 
compared using matched pairs t-testing.  The pairing of the observation data by surgeon 
and procedure type was controlled for the individual surgeon and task demand 
differences and isolated the effects of the window treatment.   The differences between 
pre-procedure and post-procedure STAI-6 collected measures were also assessed to 
understand the effect of the treatment regardless of the surgeon’s initial state of stress. 
The heart rate interval data measured from each observation was sampled using 
the researcher recorded time markers for each surgical phase of the procedure.  This 
allowed the assessment of heart rate metrics by phase and for the overall procedure.  An 
important aspect of the heart rate data is the inclusion of heart rate interval data, which is 
a measure of time between each heartbeat.  The variability of the heartbeat intervals is 
described as heart rate variability (HRV).  Decreased HRV is a measure of mental stress 
utilized by several studies of surgeon stress (Böhm et al., 2001; Jones et al., 2014; 
Yamanouchi et al., 2015; Rieger, Stoll, Kreuzfeld, Behrens & Weippert, 2014).  A 
component of the heart rate interval data is high-frequency power (HF).  HF power is an 
indication of the parasympathetic nervous system activity of the autonomic nervous 
system.  The HF power metric was compared for each of the surgeons between the 
treatment and control conditions using matched pairs t-testing for each of the surgical 




The cortisol measures were collected and analyzed in a similar manner as the 
STAI-6 questionnaire responses.  Additionally, the cortisol measures were corrected for 
time and diurnal effects on the data.  Surgeon self-reported time of awakening was 
recorded during each observation, and cortisol collection times were adjusted to be 
consistent with the same times of awakening.  Cortisol collection measures were 
corrected to compare cortisol levels against a published population daily cortisol curve 
(https://www.zrtlab.com/diurnal-cortisol-curves/).  The corrected cortisol levels were 
representative of how much higher or lower than the population mean at the time of 
collection.  Differences between the windowed and the windowless conditions were 
calculated for both the pre-procedure and post-procedure cortisol measures.  
Additionally, the change in the cortisol levels collected pre-procedure to post-procedure 
was compared between conditions for each procedure observation pair.   
5.7. Threats to Validity 
The use of quasi-experimental design was intended to achieve a higher degree of 
internal validity and causal inference by using naturalistic settings that were comparable 
to the target population, surgeons performing surgeries.  This design, in spite of the lack 
of full researcher control over the research setting, as in a simulation or lab setting, is 
argued to be useful in the study of surgeon stress, as simulation settings fail to replicate 
the full range of factors experienced in an actual operating room setting. 
Simple time-series study design controls for many threats to internal validity for 
sources, such as maturation, testing, regression, selection, mortality, and interactions of 




validity that are not controlled by the study design itself of simple time series are history 
and instrumentation.  This study controlled for the threat of history, or “institutional 
customs…such as the weekly work-cycles…” (Campbell & Stanley, 1966).  High volume 
procedure types were selected for observation, which allowed for a random selection of 
procedure observations.  The study controlled for instrumentation changes, by following 
a study protocol for each observation under the control or treatment conditions, shown in 
Figure 5.9: Study Protocol for each Surgeon Observation. 
 
 
Figure 5.9: Study Protocol for each Surgeon Observation 
 
The external threats to validity for simple time-series designs are the interaction 
of testing and treatment, interaction of selection and treatment, and reactive arrangements 
(Campbell & Stanley, 1966).  The threat of interaction between the testing and treatment 
were addressed by the study design in the selection of the measures of stress.  




and specifically how it related to the surgical environment.  Alternate stress measures, 
such as eye-tracking, electroencephalography (EEG), and medical error rates, have been 
assessed as threats of the interaction of testing and treatment.  Eye-tracking stress 
measures interact inappropriately with lighting, and EEG measures are intrusive and 
likely to cause increased stress in the subject (Arora et al., 2010a).  The observation of 
medical error rates has been removed as a proposed measure, due to its expected effect on 
surgeon recruitment and increased effects of observation bias.  The threat of reactive 
arrangement within this study is the surgeon participants awareness of the experiment and 
the treatment comparisons.  This study works to control the reactive threat by collecting 
subjective, performance, and physiological measures.  Assessment of the divergence of 
these measures was used as an indication or absence of any reactive effects. 
According to Cook & Campbell (1979), threats to statistical conclusion validity 
are: low statistical power, random heterogeneity of respondents, violated assumptions of 
statistical tests, reliability of measures, reliability of treatment implementation, and 
random irrelevancies in the experimental setting.  The study works to control for low 
statistical power and random heterogeneity of respondents by using the measures of 
individual surgeon subjects as their control group.  The small sample size of 14 pairs of 
surgical observations is a weakness in statistical conclusion validity.  Fok, Henry & Allen 
(2015) discuss small sample size study designs as necessary in many situations to study 
small populations that are difficult to study and recommends that use of repeated 
observations of each participant to improve the statistical power of the findings.  




responses to treatment as compared to overall grouped data that may obscure the effects 
occurring at the individual level.  The use of matching pairs types of statistical tests 
increases the statistical power of the sample size as well as working to control for the 
individual differences of stress between surgeons. 
Threats to violated assumptions of statistical tests and reliability of measures are 
controlled in this study by the use of validated measures.  According to Arora et al.’s 
systematic literature review of the varied stress measures, the reliability and 
appropriateness of the selected stress measures are high.  The STAI-6 questionnaire is a 
subjective stress measure that has been validated through its use in numerous studies. 
The study setting was chosen because of the special opportunity to control the 
treatment variable and control variables by the architectural layout of the surgical suite.  
The threats of reliability of treatment implementation and random irrelevancies in the 
experimental setting are controlled by the selection of the experimental site and the 
researcher’s ability to control the treatment condition.  The study was performed in 
comparable windowed and windowless operating rooms in the same operating suite.  
Differences were documented as possible conditions that may have affected the outcome 
measures. 
5.8. Limitations of the Study 
Many of the limitations to the quasi-experimental, equivalent time samples study 
design were addressed with controls.  Threats to validity persisted in the quasi-
experimental study because of the naturalistic setting in an operating hospital; however, a 




operations.  The sampling bias of the single group of surgeons caused limitations to the 
generalizability of the findings to all other surgeons, particularly to those of other surgical 
specialties.  Due to the small sample size and lack of participant randomization, the 
findings were limited in generalization to theory as opposed to the entire surgeon 
profession in all settings. 
Confirmation bias in the study related to the potential for decreased internal 
validity.  Unknown variables may have been present in the study that influenced the 
outcome variables.  The study used multiple measures of surgeon mental stress, 
physiological as well as subjective, to address this weakness through triangulation of 
findings. 
5.9. Pilot Study of a Test-taking Task in a Classroom Environment 
5.9.1. Pilot Study Objectives 
The pilot study was a simulation of the methodology, process, and data collection 
procedures of the full dissertation study that is described in earlier sections of this 
chapter.    The objectives of the pilot study were to: rehearse the study protocol, assess 
the instruments for their intrusiveness and interference with surgical operations, and 
develop a preliminary data analysis plan for the full study.  In place of using an actual 
surgical setting, a university-based setting with non-surgeon participants was selected.  
Using an operating surgical setting to rehearse and conduct an initial assessment of the 
protocol was determined to be a risk to future surgeon recruitment at the study site, an 





5.9.2. Pilot Study Research Plan 
A pilot study was conducted to inform the follow-up study of surgeons’ stress.  
The pilot study was designed to test the protocol and instruments and explore analysis 
techniques for the full study’s measures of stress and light levels.  The instruments 
measuring stress were physiological and subjective and consisted of: The Perceived 
Stress Scale, a ten-question survey (PSS-10); the short, six-item version of the State Trait 
Anxiety Inventory (STAI-6); open-ended questions about stress in the test-taking context; 
salivary cortisol specimen collection; and continuous heart rate monitoring.  The 
instrument for the measure of light levels was a data-logging light meter. 
Documentation of the study site and understanding of how daylight affected the 
lighting conditions in the designated task area were important initial tasks of the pilot 
study.  Data was collected from recruited participants performing a non-surgical task 
while under treatment and control conditions and included the measurement of the 
lighting conditions and the presence of the window. 
Participants were assigned to either a control or treatment condition for each 
observation session.  The control condition consisted of blackout window shading in the 
classroom, a strategy to prevent any exterior view or daylight.  The treatment condition 
consisted of access to the classroom window, which allowed an exterior view and 
daylight to enter the room. 
The participants were given a test-taking exercise to replace the surgical 
procedure to be observed in the full study.  The test-taking exercise consisted of a sample 




test versions were selected to provide a bank of questions to provide a comparable level 
of difficulty from one test-taking session to the others.  The SAT test samples were found 
on a student test preparation website (https://www.khanacademy.org/test-prep/sat/sat-
math-practice).   The test versions given to participants were counterbalanced with the 
intervention categories so that a specific test version was not aligned with the treatment 
condition, and to control for ordering effects. 
As shown in Figure 5.10: Pilot Study Protocol for Each Observation Session, each 
participant was observed for an estimated one-hour session.  For the first phase of each 
session and prior to observations, each participant was surveyed using the written PSS-10 
and open-ended questions.  For the second phase and during observations, each 
participant was then asked to provide a saliva specimen and was verbally interviewed 
using the State Trait Anxiety Inventory Six (STAI-6) questionnaire.  Data collection was 
then initiated for the heart strap monitor and light meter instruments.  Next, each 
participant was provided instructions to perform the simulated task and a time limit of 25 
minutes to complete the test-tasking task.  After 25 minutes had expired, or the 
participant completed the test, the participant was again asked to provide a saliva 
specimen, and verbally interviewed using the STAI-6 questionnaire.  During the last 
phase, after the observation, each participant was asked open-ended questions about the 









5.9.3. Pilot Study Site 
The initial documentation of the classroom setting in the pilot study followed the 
planned protocol for documentation in the surgical setting.  The pilot site selected was a 
classroom at Clemson University.   The classroom environment, as shown in Figure 5.11: 
Pilot Study Site, Classroom selected to simulate Operating Room, was selected due to its 
similarity with the future operating room setting.  The classroom had large windows 
located on the South-facing side of the room.  These windows provided views to the 












Prior to conducting the study with the participants, lighting conditions in the 
classroom were documented at specific room locations.  As shown in Figure 5.12: 
Documentation of Lighting Conditions for the Pilot Study Site, the lighting levels of the 
room were measured at five locations, under the following four conditions: window 
shading present with no task lighting, window shading present with task lighting, window 
access with no task lighting, and window access with task lighting.  The lighting levels 
were measured using a light meter at the height of the table surface, approximately 30 









The purpose of conducting the lighting measurements in the various areas of the 
room was to determine how to predict lighting conditions under the task lighting, and 
which measurement locations would be the most useful.  It was not feasible to place a 
light meter directly under the task lighting and in the surgeon’s work area during a 
surgical procedure.  Examination of room lighting showed the use of a light meter at the 
exterior window location during the surgery observations provided an accurate estimation 
of the lighting levels at the surgeon or participant task location. 
 
 
Figure 5.13: Photographs of the Classroom in Window and Shade Conditions 
 
5.9.4. Pilot Study Participants 
The pilot study participants included three undergraduate students recruited from 
an upper-level psychology course on stress physiology and four doctoral students.  The 
psychology students were assumed to have a greater interest in the study of stress, as well 




eight student participants were recruited to participate in two hours of observation, one 
hour for each session in the treatment and control conditions.  A small monetary 
incentive per session was provided by the researcher.  Overall, 15 observation sessions of 
student participants were performed, with one student declining to participate in the 
second session. 
5.9.5. Pilot Study Findings 
During each observation session, the researcher used the protocol checklist, as 
shown in Appendix D. Pilot Study Protocol and Instruments.  An overall study protocol 
checklist was followed along with additional procedures for each of the instruments. 
During the data collection phase, the researcher conducted 15 separate one-hour 
observation sessions in the pilot study setting.  Seven out of the eight participants were 
observed twice.  Figure 5.14: Pilot Study, Comparisons of Measures of Stress, presents a 
graphical display of selected pilot study subjects’ stress data.   
The change in cortisol and STAI-6 measures from Pre- to Post- were on average 
lower under the windowed conditions compared to those under the shaded conditions.  A 
paired comparison, using single tail, matched pairs t-testing, of the STAI-6 data collected 
pre- and post-observations demonstrated a trend toward statistical significance with a      
p-value of 0.061.  The average high frequency (HF) measures of the heart rate interval 
data were shown to be higher in the windowed condition as compared to the shaded 










5.9.6. Pilot Study Lessons Learned 
The pilot study conducted in preparation for the full dissertation study was useful 
in identifying several areas for improvement in the protocol and the instrumentation.  The 
pilot study provided lessons in the research design, study protocol, study instruments, as 
well as preliminary analysis.  The quasi-experimental equivalent time samples study 
design was validated to compare stress measures influence by an environmental 
intervention.  The pilot study validated the feasibility of the study protocol within the 
time constraints and limitations that would be present in the operating room environment.  
The proposed quasi-experiment relies on technology; its reliable use is imperative for 
consistent results and avoidance of instrumentation bias.  Additionally, participants 
provided feedback on the clarity and appropriateness of the written and verbal 
questionnaires.  The pilot study allowed valuable preliminary data analysis that 
confirmed some techniques and identified areas that needed improvement. 
The quasi-experimental research design was shown to be a feasible methodology 
to collect data regarding the windowed and shaded conditions.  The equivalent time 
samples design allowed for a comparison between treatment and control conditions 
without pooling participant data. 
The pilot study protocol was found to be a feasible procedure for stress data 
collection before, during, and after observation of a cognitive task.  The original amount 
of time estimated to collect the data was determined to be an accurate estimate.  The PSS-
10 survey instruments took less than 10 minutes on average, originally expected to take 




specimen and STAI-6 questionnaire collection required five minutes or less, matching the 
original estimate.   
The instruments for the study were each collected as planned in the study 
protocol; however, there were several instances where the instruments could be improved 
for ease of collection or in the quality of the data captured.  The instruments tested in the 
pilot study were the PSS-10, STAI-6, saliva specimen, heart rate monitor, and light 
meter. 
The PSS-10 questionnaire, STAI-6 questionnaire, and open-ended questions were 
found to be easily understood by most of the pilot study participants.  One of the subjects 
found that some of the question phrasings were unfamiliar to them, such as “…have you 
felt that things were going your way?”  Several participants were international students, 
and while this was a valid concern from one participant, the researcher determined that 
the phrasing should stay as originally written as the phrasing in question is part of a 
validated instrument and not written as part of this study. 
The saliva specimen collection was reported by the participants to be relatively 
easy.  Saliva specimen collection required safety gloves, collection saliva swabs, and 
specimen tubes in the vicinity of the specimen collection.  In the full study, the researcher 
coordinated the positioning of these research supplies near the operating room to support 
saliva collection.  A contracted laboratory facility that meets industry standards for 
clinical and research testing, Salimetrics, LLC, tested the salivary cortisol samples.  The 
remote laboratory required four weeks of expedited processing to complete the specimen 




The instruments used to measure continuous heart rate data were the Polar H10 
heart monitor strap, the EliteHRV mobile application, and an Apple iPhone 5s mobile 
device.  There were three observation sessions out of the fifteen that contained some 
flawed heart rate interval data as a result of dropped signaling between the heart monitor 
strap and the mobile device.  Two of the three occurred with the same participant.  
During the observation session, the researcher was able to observe the dropped signal and 
troubleshoot and reconnect the application to the monitor.  Factors suspected to 
contribute to these issues were individual participant cardiac signal conductivity to the 
monitor, and mobile device battery power.  The researcher identified a conductive gel 
that can be applied to the heart strap monitor by each participant.  This conductive gel 
usually is not necessary according to the equipment manual; however, it helps improve 
the monitor’s ability to receive a participant’s signals of heart activity.  Following the 
pilot study, the researcher acquired an updated mobile device, an Apple iPhone 8, with 
improved battery life and signal strength.  Together these two modifications to the 
instrumentation and protocol further improved the monitor signal quality and data 
collection in the full study. 
The light meter was reliable for much of the experiment; however, there were 
several issues in data quality and missing data points.  The light meter utilized during the 
pilot study was a TekcoPlus Professional Lux Meter.  The light meter model has internal 
memory and requires a computer connection in between each recording to download the 
measurements and reset the light meter.  There were several corrupted light meter 




the observation session. To correct this issue, a different model light meter, a Reed SD-
1128, with internal and external memory capability, was acquired.  The size and function 
of the new light meter model are mostly the same as the meter used during the pilot.  
However, the resetting function is standalone and allows light measurements to be 
performed without relying on a computer in between measurement sessions. 
Preliminary data analysis techniques were studied with the pilot study data.  
Matching pairs t-tests were performed to compare the treatment and control responses for 
the STAI-6 and salivary cortisol measures.  Heart rate variability (HRV) data sampling is 
complex and benefits the most from identifiable time markers to align the data points 
from one observation session to another.  The HRV data measures were inconclusive in 
the pilot study and were not able to assess any meaningful differences between the 
window and shade condition.  Additional HRV data sampling techniques were explored 











6. RESEARCH FINDINGS FROM PAIRED OBSERVATIONS  
 
In this chapter, research findings are presented from a study of surgeon mental 
stress in operating rooms.  This chapter is organized into seven sections.  The 
researcher’s understanding of the surgical staff role and activities and the overall surgical 
service operating procedures are presented as a qualitative data section.  The general 
stress levels from the surgeon participants are shown and discussed.  The principal data 
analysis method was to pair observations by surgeon and procedure type in both 
windowed and windowless conditions.  Three measures of surgeon mental stress were 
collected in the operating rooms.  The findings from the paired comparisons of each of 
the measures of surgeon mental stress are presented.   Finally, interpretations of these 
findings are discussed.    
There was a total of twelve surgeons recruited to participate in the study.  Each of 
the twelve surgeons was observed at least once in the operating room.  Over 50 surgical 
procedures were observed over an eight-week data collection phase at the hospital.  
Surgical observation amounted to 120+ hours in the operating room, not including the 
dozens of hours of coordination with surgical department management.  Nine of the 
twelve recruited surgeons were observed performing procedures under both the treatment 
and control conditions, and their data was used comparatively.  Fourteen procedure 
observation pairings were collected from these nine surgeons.  Four of these nine 




6.1. Qualitative Findings - Defining Operating Room Users, Activities & 
Environment 
6.1.1. Defining Operating Room Users by Zone 
In this section, the staff roles and activities of the operating room users are 
presented.  The researcher observed greater than 50 surgical procedures and developed an 
understanding of the job activities for each staff member.  As shown in Figure 6.1: 
Operating Room Zones and Users, the operating room staff were observed working in 
three separate zones within the operating room, the sterile, anesthesia, and circulation 












6.1.1.1. User-Roles in the Sterile Zone 
The sterile zone is composed of the surgical table area and the sterile field 
surrounding the patient where staff performing or assisting in the surgical procedure 
work.  The lead surgeons, assisting surgeons, cardiac surgical physician assistants, scrub 
nurses, and surgical technologists working in the sterile field are all ‘scrubbed in’ and 
wearing surgical gowns.   
Lead or ‘Attending’ surgeons are experienced surgeons in either Cardiac or 
Vascular surgery, who also serve as faculty in the Vascular fellowship and residency 
programs.  Lead surgeons performed surgery and directed the operating room staff 
throughout the surgical procedure.  The lead surgeons positioned themselves closest to 
the patient surgical site, with the other staff in the sterile zone located in the remaining 
areas adjacent to the surgeon and patient.     
Assisting surgeons performed surgical tasks under the supervision of the lead 
surgeon and were observed during vascular procedures.  Depending on the procedure 
type, the assisting surgeon would either be located across the patient from the lead 
surgeon, or adjacent to the lead surgeon.  The assisting surgeons observed were Vascular 
Surgery Fellows or Residents, medical doctors who are receiving additional education 
and training to perform vascular surgery.  Surgeon Fellows are experienced general 
surgeons who are in a Vascular Surgery fellowship intending to become Vascular 
surgeons.  Surgeon Residents are medical physicians who are in the Vascular surgery 




The surgeons observed were typically assigned an operating room for performing 
several cases during the day.  Regardless of how long the surgery, surgeons would not 
leave the operating room during a surgical procedure except in rare situations.  Surgeons 
would depart the operating room between surgeries to perform patient documentation and 
prepare for the next surgical case.   
Surgical physician assistants (PA) were observed in Cardiac surgeries.  The 
surgical PAs assisted the Cardiac surgeon to perform surgery.  Surgical PAs were 
physician assistants who have received additional education and training in Cardiac 
surgery.  The surgical PAs performed significant portions of a Cardiac procedure on their 
own.  At times, surgeons requested two surgical PAs to assist during the Cardiac 
procedures. 
Scrub nurses and surgical technicians provided support by preparing and handling 
surgical tools, equipment, and supplies to the lead and assisting surgeons throughout a 
surgery.  Surgical technicians and scrub nurses arrive before the patient and prepare the 
surgical equipment and sterile field.  During the surgery, the tech and scrub nurses hand 
equipment to the surgeons and prepare sutures/clamps/apparatus in the sterile field.   
During each surgical procedure, either a scrub nurse or a surgical technician 
would be assigned, but never both.  Scrub nurses are perioperative registered nurses 
(PRN) who have been trained in a specialty and the surgical tool, equipment, and supply 
requirements for the procedure.  PRNs assigned to surgery either performed duties as 
scrub nurses in the sterile zone or as a circulating nurse outside the sterile zone, described 




zone.  Surgical technicians assisted during vascular surgeries; however, none were 
observed assisting Cardiac surgeries.   
6.1.1.2. User-Roles in the Anesthesia Zone 
The anesthesia zone is composed of the area at the patient-head end of the 
surgical table where the anesthetist’s workstation is located.  This anesthesia zone is 
where the anesthesiologists and certified registered nurse anesthetists (CRNA) placed 
patients under and recovered them from sedation, as well as monitored their status 
throughout each surgery.   
The observed anesthesiologists supervised the patient sedation process during 
each surgical procedure.  Anesthesiologists are medical doctors who have received 
additional education and training to specialize in patient sedation.  Anesthesiologists were 
assigned to a room or group of rooms when supervising Certified Registered Nurse 
Anesthetists (CRNAs) or Anesthesia Residents (MDs in residency).  If supervising 
anesthesia residents or CRNAs, the Anesthesiologists were present during key phases of 
the surgical procedure, such as initial sedation, phases before and after a patient is on a 
bypass machine, awakening and other determined transitions. 
CRNAs performed the role of anesthesiologists for most of the surgical 
procedures; however, they required an anesthesiologist to be present during prescribed 
procedure phases or emergent patient events.  CRNAs brought patients into the operating 
room, and together with the PRNs, positioned patients and managed the sedation process.  
CRNAs are registered nurses that have received additional education and training in 




6.1.1.3. User-Roles in the Circulation Zone 
The circulation zone is composed of the C-shaped zone on the perimeter of the 
operating room, but outside of the centrally located sterile and anesthesia zones.  The 
circulation zone is where circulating nurses and Certified Clinical Perfusionists (CCP) 
supported the staff performing the surgical procedure.   
Circulating nurses do not enter the sterile zone and instead circulate the room to 
collect, prepare, or coordinate the items or services that the surgeon needs outside of the 
sterile field.  The circulating nurses observed were Perioperative Registered Nurses 
(PRN) assigned to an operating room for the day.  PRN supervisors would relieve 
circulating nurses, scrub nurses, and surgical technicians to take breaks throughout the 
day.   
Certified Clinical Perfusionists (CCP) operated the heart-lung machine in Cardiac 
surgery cases, as well as manage the cell-saver equipment and the amount of blood 
transfused during a surgical procedure.  CCPs are medical technicians trained to maintain 
and operate the specialized equipment to support Cardiac surgery procedures. 
6.1.2. Defining the Operating Room Activities 
Grouping surgical procedures by types was a useful strategy to support data 
collection in a shorter period.  If surgical procedures were not grouped by type, there 
would have been a significant increase in the amount of time required on-site to attain a 
similar number of observation pairs of the same procedure.  While variation between 
procedures within each group does provide a potential confounding influence on the 




observations collected months apart from each other were compared.  Shortening the data 
collection phase by grouping procedure types was determined to be the best strategy for 
this study. 
The Cardiac and vascular surgical services each had procedure types specific to 
their specialty.  The Cardiac service performed fewer procedure types, while the vascular 
service performed more diverse procedure types.  After consultation with Cardiac and 
vascular surgeons, surgical procedure types were selected and placed in groups that had 
comparable procedural complexity and stages.  Similar procedure types were grouped 
together during data analysis.  This controlled for confounding effects of comparing 
observations from different procedures. 
The group of Cardiac procedures selected to be observed were: Coronary Artery 
Bypass Graft (CABG) procedures; Heart Valve Replacements and Repairs, Aortic and 
Mitral valves; and Pacemaker lead placements.  The CABGs and heart valve procedures 
were lengthy procedures that ranged from three to five hours in duration, with very 
similar surgical stages to place the patient on the heart bypass machine before either the 
bypass grafts or heart valve procedure.  The pacemaker lead placements were shorter 
procedures in comparison, about an hour in duration, and did not require placement of the 
patient on a heart bypass machine. 
The groups of Vascular procedures selected for observation were: 
Endarterectomies, carotid and femoral; Abdominal Aortic Aneurysm repairs (AAA); 
Fistulas and Vein Grafts in arms; Varicose Vein Phlebectomy; and Temporal Artery 




procedures that ranged from two to five hours in duration.  Varicose Vein Phlebectomies 
and Temporal Artery Biopsies were shorter procedures that ranged from one to two hours 
in duration. 
6.1.3. Defining the Operating Room Environment 
Figure 6.2: Cardiac Operating Rooms with Central Pump Room shows the 
Cardiac surgery service primarily used two Cardiac operating rooms, or Cardio-Vascular 
Operating Rooms (CVORs), twinned off a central pump room.  A pump room is a 
centralized area for the storage and maintenance of the heart-lung machines and the work 
area for the Certified Clinical Perfusionists (CCP).  Cardiac cases are rarely performed in 
other operating rooms because of the room configuration and floor space necessary for 
the heart-lung machine and other room equipment.  Because of these considerations, one 
of the CVORs is reserved for emergency cases.  Cardiac surgical staff generally prefer 
the window shades opened with a full view outside during surgeries during standard 
workflow outside the study.   
 
 




The Vascular surgery service primarily used two operating rooms for a wide 
range of surgical procedure types, as shown in Figure 6.3: Vascular Operating Rooms.  
The Vascular surgery service performed some procedures in procedure rooms, yet most 
in operating rooms.  Open procedures, or minimally invasive procedures with a high risk 
of conversion to an open procedure, were performed in the Vascular Operating Rooms.  
Also, lower-risk procedures that were minimally invasive, using small incisions and 
specialized equipment, were performed outside of the surgical suite in two catheter 
laboratories.   
One of the Vascular Operating Rooms was equipped with a fixed fluoroscopy 
system (C-arm).  This operating room did not have a window.  The other Vascular 
Operating Room had a similar layout yet without fixed imaging equipment, with 
windows to the outside.  Vascular surgeries were scheduled in both of the operating 
rooms; however, imaging-intensive procedures were predominantly scheduled in the 
operating room with fixed imaging equipment.   
 
 




Vascular surgeons would be assigned to an operating room for the day.  Vascular 
surgeons assigned to the windowed operating room on the building perimeter would 
typically perform open procedure types; however, there were procedures performed in 
this room that required mobile equipment (mobile C-arm).  The window shades in the 
windowed Vascular Operating Room were rarely closed.  The windows did not interfere 






6.2. Incorporating Patterns of Surgeon Gaze Direction and Lighting 
In this section, data are reported regarding surgeon gaze direction and lighting 
levels observed during surgical procedures.  Aspects of a windowed operating room that 
may influence surgeon mental stress are window view and daylight.  These features are 
tied to theories in the literature that influence mental stress.  Surgeons’ interactions with 
exterior view and daylight were measured to consider the relationship between each 
variable and any observed differences in surgeons’ mental stress. 
During each observed surgery, the researcher recorded the number of times that 
the surgeon’s gaze direction was away from the patient surgical site or toward the 
window.  The researcher used the form shown in Figure 6.4: Example Surgeon 
Observation Notetaking Form, to record changes in the surgeon’s gaze direction in the 
operating room and record the time of surgical phases and major surgical events.   
Surgeons are very focused when performing surgeries.  They are stationary for 
much of the procedure and do not move around the room, except when initially entering 
the room to prepare the patient for surgery, and after the procedure is complete to recover 









Paired surgeon gaze direction data, collected from the contrasting window 
conditions, were compared to determine any differences in the number of times that the 
surgeon’s gaze direction left the surgical site, and where it was directed.  During 
procedures, surgeons’ gaze direction was consistently in the direction of the patient 
surgical site, from the first incision until closing, regardless of the operating room 
window conditions.  Some of the procedure types had expected breaks in the surgical 
work activities, where the surgeon would be waiting for an administered medication to 
take effect or equipment to be prepared.  During these breaks, surgeons diverted their 
gaze direction away from the patient; during the windowed observations, surgeons were 
seen looking toward the windows.  However, these breaks were short and not present in 
all observed procedure types.  Surgeon gaze direction on the patient surgical site was 
observed to differ little between the contrasting window conditions.   
After the procedure, surgeons left the sterile zone but remained in the operating 
room.  Surgeons now changed where they were looking often and more directly 
interacted with other staff members in the operating room, as opposed to primarily 
looking toward the patient.  After the procedure in windowed observations, surgeons’ 
gaze direction frequently looked toward the window.   
Using the form shown in Figure 6.4: Example Surgeon Observation Notetaking 
Form, the researcher also recorded changes in the number of light fixtures that were 
powered on or off.  There were many light fixtures and task lighting equipment located in 




As part of the room documentation, light level measurements were collected at 
the surgical table, location A, and at the exterior window sill, location B, as shown in 
Figure 6.5: Lighting Level Measurement Locations, in the Operating Room.  Light levels 
for six light fixture settings were measured at locations A and B, under both the 
windowed and shaded operating room conditions. 
 
 
Figure 6.5: Lighting Level Measurement Locations, in the Operating Room 
 
In Table 6.1: Operating Room Light Fixture Settings, the six cumulative light 
settings are shown beginning with two levels of overhead room lighting, then one or both 
surgical task lamps, and finally one or two headlamps worn by the surgeon and assistant.  
The table describes the six settings adding each light fixture to the prior settings.  The 
first setting describes only one level of overhead room lighting on, and the sixth setting is 




Table 6.1: Operating Room Light Fixture Settings 
Light Setting Ambient Room, Surgical Task, and Surgeon-worn Equipment 
1 Overhead Room Lighting, Level 1 
2 Overhead Room Lighting, Levels 1 & 2 
3 Overhead Room Lighting, Levels 1 & 2; 
Surgical Task Lighting, Single Lamp 
4 Overhead Room Lighting, Levels 1 & 2; 
Surgical Task Lighting, Double Lamp 
5 Overhead Room Lighting, Levels 1 & 2; 
Surgical Task Lighting, Double Lamp; 
Surgeon Headlamp Equipment, Single 
6 Overhead Room Lighting, Levels 1 & 2; 
Surgical Task Lighting, Double Lamp; 
Surgeon Headlamp Equipment, Double 
 
In Figure 6.6: Lighting Level Measurements in the Six Light Settings, in 
Operating Room-2, light level measurements from all six settings under both window 
conditions are presented from one of the Cardiac operating rooms.  The line graph on the 
right shows the light level measurements from all six settings at locations A and B under 
both the windowed and shaded conditions.  The line graph on the left described the 
lowest two light settings for the room light fixtures when all surgical task lighting and 
equipment was off.  The influence of daylight on the light level was only noticeable in 










The light setting changes followed a predictable pattern of when each light fixture 
or equipment was turned on.  Both levels of overhead room lighting were always on 
throughout the day.  Before the surgeon arrived, other surgical staff would prepare the 
operating room, equipment, and patient.  As part of setting up the operating room, scrub 
nurses would turn on both overhead surgical task lamps and point them toward the 
planned surgical sites on the patient.  When the surgeon(s) arrived in the operating room, 
they would check the room preparation and put on their surgical headlamps, leave the 
operating room to the scrub station, and then return to start the surgery.  In the observed 
surgeries, the light setting for the surgeon was almost always at the highest, with all 
fixtures and equipment on.     
The user-roles in each of the zones performed different work activities, as defined 
in section 6.1.1.  Defining Operating Room Users by Zone.  In the sterile zone, the 
surgeon’s work activities were focused on surgical tasks demanding continuous visual 
attention through most procedures.  The lighting conditions were also dramatically 
different in the sterile and anesthesia zones, as compared to the circulation zone.  During 
surgical procedures, surgeons rarely looked away from the patient toward the window, 
and the influence of daylight on task light levels at the surgical table was imperceptible.  
Thus, daylighting coming in from windows did not interfere with surgeons’ task light 
levels. 
Light levels were continuously measured during each surgical procedure 




not provide any additional value to the conclusions from the room lighting documentation 
and the researcher light setting changes on the notetaking form.   
6.3. General Stress Levels Among Surgeons 
6.3.1. PSS-10 and Open-Ended Stress Questions 
Of the twelve surgeons who participated in the study, nine of the surgeons 
completed the Perceived Stress Scale ten-item questionnaire (PSS-10), and ten surgeons 
completed additional open-ended questions related to general stress.  In Figure 6.7: 
Average and Range of Surgeon General Stress Scores by Experience-Level, the PSS-10 
score average and range are shown for each surgeon experience category.   
Attending surgeons in the study sample are more experienced, mostly male and 
older.  Surgeon Fellows and Surgeon Residents in the study sample were less 
experienced, mostly female and younger.  Surgeon Residents reported higher general 
stress scores from the PSS-10 as compared to the Attending & Fellow surgeon groups.  
The sample size is not large enough to make any statistical conclusions from this; 
however, the sample characteristics follow other literature that has compared expert and 
novice surgeon general stress levels (Kang et al., 2015). 
 




Surgeons answered additional open-ended questions about the sources of stress in 
their lives.  In Figure 6.8: Major Sources of Surgeon-reported General Stress, surgeon 
participants reported that their workload as surgeons was the main source of their life 
stress. 
 






In Figure 6.9: Surgeon-reported Stressors During Surgery, surgeons self-identified 
their perceived stressors during surgery.  Surgeons most frequently reported concern for 
the best surgical outcome for their patients as the most stressful aspect of performing 
surgery.  Surgeon Fellows and Residents reported their interactions with the attending 
surgeon as a source of stress during a surgical procedure. 
 
 










Throughout the study, surgeons would initiate conversation with the researcher 
during observed procedures or outside of the operating room.  These conversations would 
be related to the phases of a surgical procedure, which phases were the most demanding 
and their comments about the study.   
One surgeon explained how she thought the windows influenced her by saying, 
“what is the ceiling height of the operating room?  I feel like ceiling height, and room 
size can make me feel claustrophobic.  The windows make the room feel larger than it 
probably is…”  These comments were interesting in that they did not directly address the 
view or daylight aspects of the window that relate to theory, but instead expressed relief 
of their normal feelings of confinement in the operating room.   
In the operating room during observation with the shades closed, a surgeon stated 
that “the windows must be a subconscious effect on our stress.  I can’t stop myself from 
thinking about the shades being down…”  And another surgeon said, “I didn’t think with 
the shades drawn that I would even notice a difference, but it is bothering me to not have 
the window available…”   Both of these surgeons talked about how they were acclimated 
to the presence of the window in the operating room.   
It seemed to the researcher that both of these surgeons were using the windows in 
the operating room as a stress coping strategy, albeit unintentionally, in the way each 





 The prior sections of this chapter discussed the findings from outside the quasi-
experimental protocol.  The next three sections will present the findings from the paired 
comparisons of the subjective measure of momentary mental stress/anxiety (STAI-6), the 
high frequency (HF) power component of heart rate interval data, and salivary cortisol.   
6.4. Paired Observations of Stress - STAI-6 Questionnaire Findings 
As part of the observation protocol, surgeon participants completed the STAI-6 
stress scale as a subjective/perceived indicator of momentary mental stress/anxiety, 
before and after observed procedures.  In Figure 6.10: Subjective Stress Measures of 
Surgeons, the surgeon stress measures are shown for procedure observations in both the 
window and shade conditions.  The STAI-6 scores are presented as the range and mean 
scores of the pre-observation measure, the post-observation measure, and the difference 
between the pre-observation and post-observation measures. 
The pre-observation STAI-6 measures have similar mean scores between the 
window versus the shade conditions (34.05 vs. 32.38).  A single-tailed, matched pairs t-
test showed no statistically significant differences between the pre-observation STAI-6 
scores for the window and shade conditions (p value=0.267).  The lack of difference 
between the window and shade conditions suggests that the observations began with a 
similar level of perceived mental stress/anxiety.   
The post-observation STAI-6 measure showed lower mean scores for the window 
condition versus the shade condition (29.52 vs. 33.57).  A single-tailed, matched pairs t-
test did show statistically significant differences between the post-observation STAI-6 




momentary mental stress/anxiety suggest that surgeons perceived less mental stress after 
procedures in windowed operating rooms.   
Lastly, the differences were calculated between each observation’s pre- and post- 
STAI-6 scores.  The average and range were calculated for the Pre-Post STAI-6 
differences for both the window and shade conditions.  This analysis showed a larger, 
positive difference for the window versus the shade conditions (4.52 vs. -1.19).  
Statistically significant differences in the Pre-Post STAI-6 scores were found between the 
window and shade conditions, using a single-tailed, matched pairs t-test (p value=0.002).   
The larger decrease in perceived momentary mental stress/anxiety from before the 
surgery until after the surgery suggests that the window may have a restorative effect on 









6.5. Paired Observations of Stress - High Frequency, Heart Rate Findings 
The heart is very responsive to the requirements of the body and mind.  The high 
frequency (HF) component of heart rate interval data is a physiological measure and 
found to be a sensitive indicator of momentary mental stress.  A workspace stress index 
was developed to investigate the influence of windows, and HF was selected to measure 
surgeons’ mental stress throughout a surgical procedure without introducing additional 
stress.  Continuous heart rate interval data combined with time markers of surgical events 
observed by the researcher allow comparisons of the HF measures in contrasting window 
conditions.   
As part of the observation protocol, surgeon participants wore an exercise-type, 
heart monitoring chest strap.  Heart rate interval data was collected using the chest strap 
and a mobile device with the EliteHRV software application (elitehrv.com). 
The heart rate interval data was sampled from specific phases of each procedure 
observation.  Due to the variation of observed surgical procedure types, common surgical 
events were identified and defined to apply to the entire range of procedure types.  Five-
minute samples were taken at the initiation of each of the following surgical events: 
Sample-1, pre-procedure; Sample-2, first incision; Sample-3, primary surgical event; and 
Sample-4, post-procedure.  Sample-1, the pre-procedure event, was defined as the time 
after the collection of the STAI-6 and saliva specimen, yet before the first incision event 
of the surgery.  Sample-2, the first incision event, was defined as the moment that the 




Sample-3, the primary surgical event, was defined as a major moment in the 
procedure that represented the completion of the main purpose of the surgery and after 
this event, the remainder of the procedure was considered surgical closing.  The primary 
surgical event was consistent in significance for each procedure type.  For example, the 
primary surgical event in Cardiac CABG and heart valve procedures was when the 
bypass machine was removed, and the patient’s heart began beating on its own.  During 
Vascular endarterectomies, the primary surgical event was the removal of the arterial 
clamp and the return of the patient’s normal circulation.  For varicose vein procedures, it 
was the radiofrequency ablation of veins before closing the incisions.   Sample-4, the 
post-procedure event was defined as after the collection of the STAI-6 and saliva 
specimen at the end of the procedure observation. 
Of the 14 pairs of observations from surgeons, nine of these pairs were free from 
errors and used in the paired analysis.  Unfortunately, during data collection, the 
(EliteHRV) application was prone to crash due to the length of the recordings and large 
file sizes.  The researcher altered the data collection procedure by creating several 
sequential recordings of heart rate data during each observation.  The multiple files from 
each observation were seamed together into a single file and then analyzed using Kubios 
heart rate analysis software.  The high-frequency (HF) power component of the heart rate 
interval data was produced using the Kubios analysis software for the surgical events of 






The HF power samples from the 18 observations are shown plotted on the same 
graph in Figure 6.11: High-Frequency Power Samples from 18 Observations.  HF power 
is an indication of Parasympathetic Nervous System (PNS) activity (Jorna, 1992), as 
previously described in Section 4.1.6.2. Development of a Workspace Stress Index.  
These 18 observations overlaid on one another show the variation among HF power 
measures during samples one, two, and four.  Sample-3 appears to have less variation 
with HF power measure unable to drop below a measure of zero; the HF power is the 
lowest during this event.  The lower HF power measures during S3 suggest that the PNS 
withdraws during the primary surgical event and indicates it is the phase with the most 





Figure 6.11: High-Frequency Power Samples from 18 Observations 
 
The average HF power measures for each surgical phase are shown in Figure 
6.12: Average High-Frequency Power for Window and Shade Conditions.  Comparison 
of Sample-1 observation pairs using single-tailed matched pairs t-testing showed a 
statistically significant difference between the paired window and shade observations (p 
value=0.01).  The average HF power measures from Sample-1 were elevated for the 
shade observations, before the introduction of the treatment or control conditions.  This 




comparison of the Sample-2 events shows that average HF power measures were closer 
for the window and shade conditions.  The Sample-2 HF average is higher in the shade 
condition than the window condition; however, it was not statistically significant, using 
single-tailed matched pairs t-testing.  
 
Figure 6.12: Average High-Frequency Power for Window and Shade Conditions 
 
The comparison of Sample-3 measures showed no difference in the shade and 
window condition pairs using a matched pairs t-test analysis (p value=0.46).  The average 
HF power measures are similar under both the window and shade conditions.  The 
comparison of the Sample-4 measures show a slight increase in the difference between 
average HF power under the window versus the shade condition; however, this difference 




The change in HF power from the Sample-3 to the Sample-4 event pairings were 
compared between the shade and window conditions.  In Figure 6.13: S3 to S4 Change in 
HF Power under Shade Versus Window Conditions, the observation measures are paired 
for each surgeon/procedure by color-coded lines.  The Sample-3 (primary surgical event) 
measures of HF power have a similar range and average for both the shade and window 
conditions.  However, the Sample-4 measures of HF power have a larger range and 
higher average for the window versus the shade condition.  Single-tail matched pairs t-
testing showed there was a statistically significant difference in the HF power changes in 
shade versus window conditions (p value=0.03).   
 
 





The window observations show a trend of increase in HF power from the Sample-
3 to the Sample-4 (post-procedure) surgical event, indicating greater Parasympathetic 
Nervous System (PNS) activity.  More PNS activity suggests restoration or lowered 
mental stress.  It is reasonable to conclude that the surgeons’ mental stress is unaffected 
during a surgical procedure by the presence of a window.  However, after a procedure in 







6.6. Paired Observations of Stress - Salivary Cortisol Findings 
Cortisol is the second physiological measure collected as part of the study of the 
influence of windows on surgeons’ mental stress.  Cortisol is a measure of Hypothalamic-
Pituitary-Adrenal (HPA) axis activity that is the body’s delayed reaction (20-30 minutes) 
after a stressful event.  Salivary cortisol measures were collected before and after 
observed procedures to understand how surgeons’ mental stress may change from the 
beginning to the middle of a procedure under contrasting window conditions.  The 
cortisol measure after the procedure was intended to measure the primary surgical event 
as close in time as was practical, due to feasibility issues with the collection of saliva 
during a procedure.   
Cortisol levels normally follow a daily production curve as previously described 
in Section 4.1.6.2. Development of a Workspace Stress Index.  Cortisol levels that are 
higher than a person’s normal daily cortisol curve indicate HPA axis activity and are a 
delayed measure of stress.  Determining an individual’s daily cortisol curve requires a 
collection of multiple specimens on a non-workday to establish the curve.  Population 









At first, an attempt was made to establish a subject salivary cortisol baseline.  A 
measure of the typical daily salivary cortisol of recruited surgeons was planned on either 
a non-work or non-surgery day.  In addition, the researcher collected seven saliva 
specimens from himself on two-hour intervals throughout a non-workday from 7:45 am 
until 10:15 pm.  Surgeons were requested to collect three saliva specimens during their 
weekend at two hours after awakening, four hours after awakening, and six hours after 
awakening.  The surgeon response rate was low, with only four of the 12 surgeons 
returning saliva specimens during a non-workday or non-surgery day.  In Figure 6.14: 
Baseline Daily Cortisol Curve Measures, the daily cortisol measures are shown that were 
collected from the researcher and four surgeons on a non-workday. 
 
 





In Figure 6.15: Time Corrected, Baseline Daily Cortisol Curve Measures, the 
researcher’s and surgeons’ cortisol measures are corrected to align each of the measures 
relative to the time of awakening instead of the time of specimen collection.  The time of 
awakening in the chart is 0:00 (Hours: Minutes).  The population average levels of 
cortisol production are plotted on the table.   
 
 









As part of the observation protocol, saliva specimens were collected from surgeon 
participants before and after each of the observed procedures; at the same time, the STAI-
6 measures were collected.  56 saliva specimens from 28 surgical procedure observations 
were analyzed and corrected to adjust for differences in the time of awakening on each 
day of observation as well as to remove the daily cycle’s effect of the cortisol production 
from the analysis.   
Four procedural steps were used to correct the cortisol measures.  In step one, all 
the cortisol measures are plotted by their actual time of collection and the laboratory 
results for cortisol level in micrograms per deciliter.  In step two, the time of collection of 
each of the cortisol measures was corrected from when each surgeon reported their time 
of awakening.  In step three, each of the pre-observation and post-observation measures 
was paired by observation. In step four, the cortisol levels are corrected by subtracting the 












The cortisol measures, when compared, are of little use without correction for 
time and diurnal effects on cortisol production.  Figure 6.16: Cortisol Measures of 
Window and Shade Observations, display the cortisol measures before corrections were 
made for the time of collection/awakening and daily cycle effects.  The uncorrected 
average difference between pre-observation and post-observation measures indicated that 
the shade condition had noticeably more reduction in cortisol than the window condition.  
Without correction, this suggests that the window conditions were related to higher 
cortisol production and more mental stress. 
 
 




Figure 6.17: Cortisol Measures of Window and Shade Observations, Corrected for 
Time of Awakening and Diurnal Differences, shows the cortisol measures after 
corrections were made for time and diurnal effects.  The corrected average measures of 
the differences between window and shade conditions do not indicate any statistically 
significant difference between the two conditions.  This suggests that the uncorrected 
differences in cortisol, between the window and shade conditions, were related to the 
time of collection/awakening and not related to the window conditions.   
 
 
Figure 6.17: Cortisol Measures of Window and Shade Observations, Corrected for Time 




Cortisol measures were corrected for time and diurnal effects and then paired by 
surgeon and procedure type.  12 pairs required without correction because only two pairs 
of the 14 were collected within 30 minutes of each other.  Cortisol measures from 
observation pairs were compared using single-tail, matched pairs t-testing.  There were 
no statistically significant differences in the pre-observation data between the window 
and shade conditions (p value=0.1386).  There were no statistically significant 
differences between the post-observation measures under the window versus shade 
conditions (p=0.2448).  Finally, there were no statistically significant differences between 
pre-observation to post-observation change in cortisol measures between the window and 





6.7. Interpretation of the Findings 
This exploratory study examined the influence of windows in operating rooms on 
surgeon mental stress.  The quasi-experimental study was designed to compare multiple 
measures of surgeon mental stress in a real-world surgical setting under both windowless 
and windowed operating room conditions.  The research question addressed by the study 
was: Does the presence of a window in an operating room influence surgeons’ mental 
stress? 
The analysis of data showed having a window in the operating room did not add 
to surgeon stress, and initial, stress survey and HF heart interval, evidence suggests that 
surgeons can benefit from access to windows.  This study intended to contribute to the 
understanding of one aspect of the work environment’s role in surgeons’ occupational 
health.  The study’s findings have limitations due to the nature of quasi-experiments and 
single case studies; however, this early evidence provides needed attention to an area of 
little current study, yet with notable regulatory oversight.  These findings have the 
potential to inform future research, design, and delivery of healthcare in surgical 
departments. 
The quasi-experimental study design was selected to compare the stress measures 
collected under windowless and windowed conditions.  Multiple measures of stress were 
collected to attain a triangulation of findings.  Each of the selected measures had its own 
strengths and challenges; the use of multiple methods corroborated findings and helped 




The measures collected as individual factors were surgeon demographics, general 
stress measures, and surgical tasks.  Younger, less experienced surgeons reported higher 
general stress measures.  Surgeons most frequently reported that their workload was their 
major life stressor.  Surgeons most frequently reported that while performing surgery, 
their concern for their patient was the source of most of their stress.  However, surgeons 
in training, fellows, and residents, frequently reported that their supervising surgeon was 
also a significant stressor while performing surgery. 
The measures of workplace conditions for this study were the window treatment 
assignment and lighting levels.  Lighting level measures were collected at the windowsill 
and at the surgical table.  The four operating rooms observed were two pairs of operating 
rooms used respectively by the Cardiac and Vascular surgery services.  The pair of 
Cardiac operating rooms were nearly identical in their layout as well as lighting 
conditions.  The pair of Vascular Operating Rooms were similar in arrangement, 





Figure 6.18: Interpretation of Window Influence on Intraoperative Measures of Surgeon 
Mental Stress 
 
The surgeon mental stress measures used in the study were the perceived indicator 
of momentary mental stress/anxiety - STAI-6, and two physiological indicators of mental 
stress: high-frequency power (HF) component of heart rate interval data, and salivary 
cortisol levels.  The stress measures were collected from surgical procedure observations 
paired by surgeon and procedure type and were compared between windowed and 
windowless conditions.  The STAI-6 and salivary cortisol measures were collected before 
and after each surgical procedure, and the HF heart measure was sampled from four 
phases of the surgery.  The collective interpretation of the study results is shown in 
Figure 6.18: Interpretation of Window Influence on Intraoperative Measures of Surgeon 




The STAI-6 subjective stress measures collected before each surgical observation 
were similar between the windowless and windowed conditions.  These results showed 
that surgeons in a windowed operating room experienced reduced post-procedure mental 
stress, while surgeons in a windowless operating room experienced higher post-procedure 
stress.  The decrease in surgeons’ pre- and post-observation stress level in windowed 
operating rooms was +4.52 STAI-6 scoring units, versus the surgeons’ increase in stress 
in windowless operating rooms was -1.19 STAI-6 scoring units.  This difference, +4.52 
versus -1.19, is statistically significant (p-value = 0.002). 
The HF heart interval data was sampled in four surgical phases and compared.  
The windowless (shade condition) surgical observations were shown, to begin with a 
higher HF measure than the windowed observations.  As a reminder, high HF is 
associated with lower mental stress.  This indicates that surgeons began the windowed 
surgeries under more mental stress; ideally, the initial stress measures under both 
conditions would have been equal.  The HF measure showed no differences in the 
comparison of conditions for both the first surgical incision and the primary surgical 
event phases.  The HF measure comparison trended toward statistical significance for 
higher HF (lower mental stress) for windowed observations in the post-procedure 
surgical phase.  The difference between the primary surgical event and the post-
procedure phase demonstrated a statistically significant increase in HF (lowered mental 
stress) for windowed as compared to windowless observations. 
The HF measure findings indicate that the windowed conditions did not make a 




However, the increase in post-procedural HF measures indicates a greater post-surgery 
restorative response in observations under windowed conditions. 
The cortisol measures collected before and after each surgical observation were 
corrected using population data and surgeon reported times of awakening.  These 
corrections allowed useful comparisons of cortisol measures taken at differing times 
throughout the day.  All statistical analyses of cortisol data (pre-, post-, and pre-post), 
under windowed versus windowless conditions, concluded there were no statistically 
significant changes in cortisol levels.   
The cortisol measure is not a measure of immediate stress hormone response, but 
a measure of response from the stress that occurred 20 to 30 minutes before the measure.  
The cortisol measure findings indicate that the windowed conditions did not make a 
notable contribution to increase or decrease surgeon stress during the surgical procedure.  
The lack of difference in pre- and post-procedure cortisol measures was corroborated by 
the HF measures during the surgical procedure.  These findings indicated that windowed 
conditions did not influence surgeon stress during the actual surgical performance.   
The post-procedure increases in HF measures converged with the decreased 
STAI-6 measures under windowed operating conditions.  These findings suggest that 
windows may improve surgeon mental stress recovery after the primary surgical 
procedure is complete. 
Differences in pre-procedure HF power measurements were not expected as these 
measures were collected before the treatment.  Windowed procedures were observed 




procedures began under more mental stress.  Additional analysis of the sample showed 
that more windowed observations than windowless observations were the surgeons’ first 
procedure of the workday.  This suggests that there may be an anticipatory effect on 
mental stress that is more pronounced for the first procedure in a series of procedures for 
the day.  In this study, observations were matched by the surgeon and procedure type, not 
by procedure order in the workday.   
Overall, the findings from the study indicate that surgeons can benefit from 
windowed operating rooms.  Surgeons’ mental stress measurements were uninfluenced 
by windows during their most focused work in the middle of the procedure, as suggested 
by HF heart interval and cortisol measures.  Windows did not elevate mental stress, and 
in fact, data suggests that windows may lower perceived mental stress/anxiety (as 
indicated by the change in STAI-6 from Pre- to Post- measures) and lower physiological 
stress (as indicated by the change in HF power from the primary surgical event to the 
post-procedure measure).  The findings suggest that surgeons made a more rapid 











7. IMPLICATIONS FOR RESEARCH AND ARCHITECTURAL PRACTICE 
 
7.1. Contributions of the Study Method and Measures 
There are very few studies conducted in the real-world/natural settings that study 
environmental features and use experimental research designs.  This quasi-experimental 
study is a promising model for other environmental studies to evaluate the built 
environment relating to occupational stress.  For instance, this research method could be 
modified to study acoustics, and evaluate noise reduction features, in a work 
environment.  Workplace environmental research is challenging because of each 
building’s unique configuration and the number of employees interacting with each 
feature.  Other disciplines have encountered similar challenges.  In education and 
psychology disciplines, Single-Case Experimental Design (SCED) is a common research 
strategy used to investigate populations difficult to study (Kazdin, 2011; Smith, 2012).   
This study used an equivalent time samples design, one of several types of 
interrupted time series study designs (Cook & Campbell, 1979).  Study participants 
performing a task were measured under treatment and control conditions.  This central 
concept can be modified to other specialized work environments, such as pharmacy 
dispensing stations, laboratories, or any workstation setting.   
This study measured surgeons’ mental stress using the six-item, State Trait 
Anxiety Inventory (STAI-6) stress scale questionnaire, the High Frequency (HF) power 




selected for use in a surgical setting because of their established reliability and non-
intrusiveness.  An operating room is a controlled work environment; therefore, measures 
that are less disruptive to the workflow are necessary for patient safety.  Occupational 
studies performed in naturalistic settings should ideally use validated measures that do 
not introduce instrument bias into the studied subjects’ experience and work activities.   
The STAI-6 stress scale is a quick and validated instrument to measure 
momentary self-perceived surgeon mental stress.  The speed of administering this 
measure is useful to consider for repeated measures within a single observation.  
Surgeons accomplished the STAI-6 questionnaire in less than three minutes.  It would be 
easy to adapt this measure to study other tasks.   
The HF power component of heart rate interval data is an indirect physiological 
measure of momentary mental stress.  The application on the mobile device was 
overwhelmed at times by file creation during long surgical observations.  Several shorter 
files were created during each surgery, which led to much more complicated data 
management.  Only small portions of the data logged at specific procedure events were 
eventually used for analysis, even though entire procedures were measured because it 
was not known to the researcher beforehand when specific surgical events would be 
occurring.  To correctly sample the heart rate interval data, copious notetaking for the 
time-markers of each surgical event was critical.  The HF measure was more conclusive 
during the Pilot study due to the researcher’s control over task duration and the fact that 




from more control over the task duration by selecting surgical procedures with less 
variation in duration. 
Salivary cortisol level is an indirect and delayed physiological measure of mental 
stress, indicating stress levels 20-30 minutes before it is collected.  Salivary cortisol is 
easy to collect, yet variation in collection times can make it more difficult to analyze. 
Independent of a stressful experience, the body’s daily cortisol production cycle 
causes cortisol levels to fluctuate naturally throughout the day.  In the pilot study, saliva 
specimens were generally collected at the same time each day, and because of this, there 
were conclusions found without correcting the data to correspond to the time of day.  In 
the Full study, saliva specimens were collected at multiple times throughout the day; 
therefore, the cortisol levels needed to be corrected in order to make valid comparisons.  
It was a challenge to align the timing of the cortisol measures with the primary surgical 
event due to variations in duration from one surgical procedure type to another. 
Case studies and single building evaluations are commonly used in architectural 
research.  Case studies can not be generalized.  Furthermore, multiple cases can not be 
compared due to differences in research methods from one case study to another.  A 
group of studies performed using the same standardized study design and methods could 
potentially provide powerful findings that could be compared across multiple studies and 
locations.  The research design and methods have been developed to be replicated across 
multiple operating room settings.  In Appendix F. Quasi-Experimental Protocol for Study 




replication of this study method in other surgical settings, or the method can be adapted 
to other work environments.   
7.2. Areas of Future Research 
While interactions with surgical staff were not part of the research methods, 
anecdotes from key staff and observation of surgical workflow were incidental to data 
collection and provided valuable insights toward future research.  A major question that 
this study did not answer is; how does the presence of a window in an operating room 
influence the occupational stress of nurses, anesthesiologists, and other surgical staff?   
Surgical staff, other than surgeons, consistently asked why they weren’t included 
in the study.  Other staff, such as nurses or anesthesiologists, were not included in this 
study because the application of any positive findings for other staff would still need to 
be balanced with any effects on surgeons.  Spontaneous discussions with surgical staff 
gave the researcher the impression that windows were much more important to those 
working outside of the sterile zone, namely circulating nurses and anesthesiologists. 
The specialized nurses working in Cardiac and Vascular procedures only worked 
in the dedicated operating rooms for these surgical services.  Several senior nurses 
described the windowed operating rooms as one of their favorite career workplaces.  
These nurses preferred working in the windowed rooms and did not hesitate to express 
their displeasure when the researcher would close the window shades to prepare for a 
‘shaded observation.’   
Anesthesia staff worked across all operating rooms in the surgical suite and would 




operating rooms of the surgical suite were windowless, the anesthesia staff stated that 
they looked forward to schedule assignments in the windowed rooms.  One 
anesthesiologist even insisted to the researcher that if one of his surgical cases was a 
‘shades-closed’ observation, that he did not wish to participate.   
Future studies should include other surgical specialties, their procedure types, and 
how specialized equipment may conflict with windowed operating rooms.  Incidental to 
this study, other surgical services performing specialized procedures would sometimes 
use the windowed operating rooms because of their large floor space.  During these 
impromptu observations of specialized MIS procedures, it was observed that the surgical 
team closed the window shades as the first step of room preparation to darken the room 
due to monitors. 
Additional study is also needed to understand how the length of surgical 
procedures influences stress in windowed versus windowless operating rooms.  Another 
consideration would be to decrease the variation in observed surgical procedure types.  It 
is unknown if the window influences surgeons’ mental stress differently in shorter 
procedures versus longer procedures, and at what duration the influence may be more or 
less.  
Due to concerns for maturation bias, or changes within surgeons over time, the 
study observed surgical procedures in a single eight-week period.  This study was 
conducted in the Northeastern United States in the winter season.  The window view 
content was less vibrant than would be seen in the spring or summer.  Another study that 




Further study is necessary to determine if the content of the view, natural or built 
features, may amplify any influence from a window in an operating room.   
7.3. Implications of the Study on Surgical Suite Design 
The findings from this study are intended to inform healthcare facility design 
guidelines within the United States and other countries.  Current Facility Guidelines 
Institute (FGI) guidelines do not mention anything about access to windows and exterior 
views in relation to healthcare staff.  The current language in the guidelines concerning 
access to the window is limited to minimum standards for patient care areas.  Based on 
the researcher’s discussions with healthcare designers, individual state healthcare 
licensing authorities have been known to prohibit windows in operating rooms for 
distraction concerns, from both views of outside activity and glare from daylighting.   
Meanwhile, several international healthcare design standards require windows in 
surgical areas, and some specifically recommend windows within operating rooms 
themselves.  Some building codes and design guidelines are based on historical practice, 
‘we have always done it this way,’ as opposed to having more rigorous evidence to 
support the prescribed design practice.  To date, building code requirements or 
prohibitions on windows in operating rooms in the United States have been following 
local historical practice and societal norms, due to the lack of a scientific understanding 
of the influence of windows.   
Findings from this study are not definitive and in no way is the researcher 
claiming that windows should be the solution to lower surgeon stress in the operating 




or ‘open’ surgical procedures have become relatively obsolete, replaced by minimally 
invasive surgery (MIS) to decrease surgical trauma and improves patient outcomes.  MIS 
procedures use internal cameras and surgical robotics, which tend to fill the operating 
room with lots of technology and monitors.  Glare on equipment and the ratio of 
illumination between a room and monitors can each be a distraction or negatively affect 
visual clarity. 
This study intentionally did not observe any MIS or technology-dependent 
procedure types.  Aside from MIS, there are many conventional surgical procedure types 
that will remain, such as open-heart surgical procedures.  Much of a surgeon’s workload 
will remain conventional for the near future.  Recommendations to improve operating 
room environments can be applied to current design guidelines and benefit surgical staff 
during a significant portion of their workload. 
7.4. Design Considerations 
Although not conclusive, the findings of this study and other studies in other 
fields can be used to increase awareness of the role of windows in relation to mental 
stress in clinical work settings.  Surgical staff generally work in areas that are typically 
located within the center of the hospital away from access to windows.  It is important to 
understand that surgeons are not alone in the operating room, and while other surgical 
staff are present, the tasks are different for each of the staff roles.  Surgeons, 
perioperative nurses, and other supporting staff experience substantial occupational stress 
and can equally benefit from access to windows in the workplace.  This study focused on 




consideration in existing building codes.  However, changes to design guidelines would 
benefit all surgical staff roles with an environmental coping strategy.  
In Figure 7.1: Examples of International Hospitals with Window Access in 
Surgical Suites -Hospital Footprint and Suite Configuration, four architectural studies of 
hospitals with daylighting design features in surgical suites is presented.  The location of 
the surgical suite in the overall hospital building footprint is identified with a red circle.  
Below each footprint are architectural diagrams of the corresponding surgical suite 
configuration.  
There are cultural differences in the priority given to access to exterior views and 
daylight when comparing European to American hospitals.  Several European nations 
have mandated windows in workplace areas, to include operating rooms, despite the lack 
of research demonstrating the connection to occupational health in this setting.  Cultural 
preferences for window access has made research an unnecessary effort, due to already 
existing support from legislation.  In the U.S., there are barriers to the implementation of 
similar regulations.  The additional construction costs drive the demand for further 






Figure 7.1: Examples of International Hospitals with Window Access in Surgical Suites -




Placing windows in all operating rooms does not make logical sense.  The amount of 
usable building perimeter is a major consideration when providing windows in operating 
room spaces.  Perhaps, healthcare facilities with high amounts of specialized MIS 
workload would benefit more by incorporating windows in occupied support spaces.  
Window access in staff break areas, administrative spaces, and circulation areas have 
already been used with great success in hospitals.   
This quasi-experiment in a single surgical setting offers preliminary evidence to 
suggest that windows might contribute to lowering mental stress.  In addition, this study 
did not find that windows increased surgeon mental stress.  The findings from this study 
suggest that if other surgical staff members were found to benefit from windows, then 
including windows in operating rooms would benefit staff without disrupting the surgeon.   
This study does not provide enough evidence to recommend that windows be 
placed in every operating room.  Nevertheless, some designers might follow International 
trends and begin to introduce windowed operating rooms into new construction and 
alteration projects.  Before including windowed operating rooms, an important aspect for 
designers to consider is the current and future surgical workload projection for the 
facility, by type – conventional or MIS.  Some portion of the surgical workload will be 
conventional, and some will be specialized MIS procedures.  Providing windows in 
operating rooms primarily used for specialized procedures that require room darkening 
does not add value to the workplace or the cost of construction.   
In any windowed operating room, it is critical that the surgical staff is provided 




operating room, it is always recommended to provide room darkening capabilities to 
accommodate variations in procedure requirements, technologies, and surgeon 
preferences.   
Another important factor is the configuration of the surgical suite and how 
surgical workflow has been planned.  Do not alter the entire workflow of the surgical 
suite to include windows in operating rooms.  In Figure 7.2: Cross-case Comparison of 
European and American Surgical Suite Configurations in Hospitals and Ambulatory 
Surgery Centers, there are several examples of surgical suite configurations that maintain 
efficient workflow concepts while integrating window features into operating rooms.  
Another potential design solution may be the introduction of virtual windows; however, 
these were not a consideration in this study. 
In conclusion, the design recommendations discussed herein are not only based on 
findings of the study but also have origins in the surveyed literature, the researcher’s 
observations during the study, as well as his background as an architect.  It is hoped this 
study and recommendations will be used to guide the future design of surgical 





Figure 7.2: Cross-case Comparison of European and American Surgical Suite 































































































Appendix F. Quasi-Experimental Protocol for Study Replication 
Purpose:  
Access to windows in the work environment is generally understood to be a 
positive workplace feature; however, specialized workspaces, such as operating rooms, 
are usually devoid of windows.  A quasi-experiment provides useful evidence, although 
there are limitations to generalizability in a single surgical setting and a small group of 
surgeons.   
The intended way to increase generalizability is to replicate the quasi-experiment 
across multiple hospital sites, with participants from a variety of surgical specialties, and 
alternative measures of stress.  When multiple studies are performed using the same 
protocol, the generalizability will increase when findings are viewed as a group. 
This protocol is meant to be adapted to investigate mental stress in different 
settings, and with alternate environmental treatment variables.  For instance, this protocol 
may be used to understand the influence of windows on pharmacists dispensing 
medications in a pharmacy, or students test-taking in a classroom.  Alternative 
environmental treatment variables may include a variation in the type of view provided 
by a window, from a nature-view to a manmade urban view.   
 
Site Selection: 
To replicate this study in a surgical setting as presented.  Select a group of 
operating rooms that possess characteristics as follows: 
• Architectural similarity.  If multiple rooms are used to replicate the same 
conditions, these operating rooms should be as close to identical as possible. 
• Workload consistency.  A single-specialty or group of surgeons that use the 
operating rooms consistently is necessary to collect measures from observations 
that are close together in time.  It was assumed that surgical operations would not 
bend to follow the study design; therefore, the selection of a site that allows the 
study design includes an understanding of the surgical workload.  A review of 6 




• Recruit surgeons that are frequently operating in the operating rooms selected as 
part of the experiment 
 
Subject Protections & Permissions:   
University and hospital Institutional Review Boards (IRB), and the hospital 
HIPAA board reviewed the study protocols and protections in place for surgical staff and 
patients.  A Certificate of Confidentiality (COC) was requested from the National 
Institutes of Health (NIH) to ensure surgeons’ stress measures were confidential.  Patients 
were not the object of study; however, they were provided with an approved information 






Materials:   
Major items, equipment, software needed for the experiment 
• Saliva specimen collection materials (collection tubes, saliva collection swabs, 
barcoded labels for lab processing, collecting tube storage boxes) 
• Saliva specimen shipping materials (Styrofoam shipping container for frozen 
specimen shipment, dry ice, appropriate shipping labeling) 
• Heart rate monitor, exercise-type strap, and sensor.  (Polar H10 sensors, and eight 
exercise straps in sizes XL, L, M, and S) 
• Mobile device (iPhone or iPad) with heart rate application loaded 
(EliteHRV.com) and mobile survey application (Qualtrics.com) 
• Heart rate analysis software (Kubios.com, Kubios Premium) 
 
Measures:  
The measures for the quasi-experiment are based on different dimensions of 
mental stress, emotional, physical, and cognitive, which correspond to the subjective, 
physiological, and performance instruments.   
 
Subjective: 
• State Trait Anxiety Inventory (STAI-6) is a six-item questionnaire that can be 
administered in less than two minutes using a mobile device survey application to 
collect the data. 
 
Physiological: 
• Heart Rate Interval Data, specifically High Frequency (HF) power component of 
the heart rate interval 
• Salivary Cortisol 
 
Performance: 
• None for replication of surgeon observations 
• For adaptation in other settings, use task duration, completion or error rates, or 
other performance metrics 
 
Observational: 
• Record time of operative events and phases, which are needed to assess the heart 
rate interval data (scrub-in, time-out, first incision, placing arterial clamp-on, 











Methods:   
1. Coordinate with healthcare administration to determine the surgical scheduling of 
the selected procedure types and operating rooms.   
2. Prepare the operating room for the window with shades-open, or shades-closed 
conditions while the scrub nurse prepares for the surgical case. 
3. Coordinate for the surgeon to put on the heart rate strap in the locker room. 
4. Meet the surgeon next to the scrub sink outside of the operating room.   
5. Administer the STAI-6 and collect the saliva specimen from the surgeon.  
6. Connect the heart rate strap (Polar H10) to the mobile device application with a 
Bluetooth connection. 
7. Observe the surgeon performing the surgery, record the operative events and 
phases. 
8. Meet the surgeon at the workstation while they perform post-procedure notes. 
9. Administer the STAI-6 and collect the saliva specimen from the surgeon. 
10. Close the heart rate application and receive the heart rate strap from the surgeon. 
 
Analysis: 
The data collected from each procedure observation should be organized into a 
spreadsheet.  The observations should be paired by the window condition, and their 
measure variables compared with Matched Pairs T-testing, using both single and double 
tail test.  Compile the descriptive statistics of the mean and standard deviation for each of 
the variables.   
Comparisons of each variable depend on an equivalent timing of each measure of 
stress.  The T-test results of the STAI-6, HF component of heart rate interval, and 
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